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HE Association was organized in Boston, Mass., on June 21, 1882, with the object 
of providing its members with means of social intercourse and for the exchange of 
knowl pertaining to the construction and management of water works. From an 
original membership of only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of over 1000 men. Its membership is divided into six classes, viz.: 
A Member shall be an officer or employee of « public or private water works, an engineer, chemist or other 
person qualified to aid or interested in the advancement of knowledge relative to water works. 
An Honorary Member shall be a person of acknowledged eminence in some branch of water supply or of 


engineering. 

A Junior shall be not less than cighteen years not more than twenty-five years of age, a student or connected 
with water oy 

An Associate shall be cither a person, firm ur corporati mgaged in fi ing or furnishing materials 
shall be sither pear’, Commission, Company or M 

A Corporate Member a Water . or 

3.00 Memb $ 8.00 

1,00 Juniors 3.00 
10.00 Associ 25.00 
10.00 Corporate Memb 15.00 


This Association has at least eight regular meetings each year, of which five are held in 
Boston, one in northern New England, one in southern New England, and one, the annual 
convention, held in September or October on such date as the Executive Committee may 
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Thousands of tons of timber will be unleashed on the waters of the river. 


Similarly, our explosive surge of population is bearing down on already 
overburdened water works facilities in many communities 


New pipelines are essential; but only pipe of sustained high carrying capac- 
ity can meet greater demands with constant, predictable volume. That’s why 
efficiency and economy dictate the use of LOCK JOINT CONCRETE 
PRESSURE PIPE for water supply and distribution lines. Its first low cost, 
ease of installation, long life, negligible maintenance and permanent high 
carrying capacity represent immediate and long term economies. 


To bolster your water system against the shock of 
our yearly 3,000,000 increase in population, spec- 
ify LOCK JOINT CONCRETE PRESSURE 
PIPE for complete dependability and over-all 
economy. 


LOCK JOINT PIPE Co. 


East Orange, New Jersey 


Sales Offices: Chicago, Ill. - Columbia, S. C.-Denver, Col. » Detroit, Mich. + Hartford, Conn. « Kansas City, Mo. - Perryman, Md. 
Pressure - Water - Sewer - REINFORCED CONCRETEe PiPe - Culvert Subaqueous 
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New 
Digest Dramatizes 
America’s Water Problem 


Cast Iron Pipe Research Association promotes befter understanding 
of water supply and distribution problems 


Offers Informative Booklet for Step-by- 
Step Action at the Local Level 


Here’s help for you and everyone else 
directly concerned with the supply, 
treatment and distribution of water— 
help that will acquaint the people in 
your town with the vital importance of 
this growing problem. 

On the opposite page you see the first 
in a series of advertisements, this one 
appearing in February Reader’s Digest. 
Placed by the Cast Iron Pipe Research 
Association, these striking advertise- 
ments point out to Mr. and Mrs. Amer- 
ica how much we depend on a good water 
system and why we can no longer take 
it for granted. 

Similar advertising will appear regu- 
larly this year in U. S. News & World 
Report, Nation’s Business, Better Homes 
& Gardens, American Home and Sunset 
magazines to carry this public service 
message to millions of community lead- 
ers and homeowners. 

Free Local Plan-of-Action Booklet 
These ads offer a free booklet telling 
about the water problem. It shows how 
responsible citizens can acquaint them- 


selves with the needs of their commu- 
nity. It also gives a step-by-step outline 
of action, telling how they can help their 
officials extend and improve the local 
water system through more adequate 
rate structures or financing. 

We'll be happy to send you a free 
copy of this new booklet. Write to Thos. 
Wolfe, Managing Director, Cast Iron 
Pipe Research Association, 3440 Pru- 
dential Plaza, Chicago 1, Ill. 


Three reasons why cast iron pipe is 
America’s greatest water carrier: 


1. More miles of underground cast iron 
water mains are now in use than of all 
other kinds of pipe combined. 


2. More miles of cast iron water mains 
are now being purchased and laid than 
of any other kind of pipe. 


3. Impartial surveys prove that today's 
water utility officials and consulting engi- 
neers prefer cast iron pipe for under- 
ground water distribution by an over- 
whelming majority. 


CAST IRON PIPE 
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Diesel Generator Set 
Brunswick and Topsham Water District 
Brunswick, Maine 


This 125 KW CUMMINS Diesel Generator Set provides stand-by power 
at Taylor Farm Supply, Brunswick and Topsham Water District. The gene- 
rator set is specially designed to start a 100 HP pump motor. 


Camp, Dresser and McKee of Boston, Massachusetts, were the engineers 


for this unusual application of diesel power. 


CUMMINS DIESEL OF NEW ENGLAND, INC. 
201 Cambridge Street 
ALLSTON 34, MASSACHUSETTS 
106 Main Street 720 Union Street 
SOUTH PORTLAND, MAINE WEST SPRINGFIELD, MASSACHUSETTS 


See: 
50, 
: 
by 
re 
— 
A 
4 


Made by 


The Mathews Modernized Hydrant 
Supplies the 4 Fundamental 
Requirements for 
Effective Community Protection 


and many other quality features, too 


@ Replaceable barrel for maximum effi- 
ciency—quickly replaced in case of 
accident without excavating 


@ Head revolves 360°; simply loosen bolts 
and rotate 


@ Stuffing box plate cast integrally with 
nozzle section—eliminates extra part 
and provides positive, leakproof con- 
struction 


@ Operating thread, protected by stuffing 
box plate, operates free of rust, sedi- 
ment and ice 


Also... Nozzle sections supplied with hose 
or pumper outlets as specified - Operating 
thread cannot be bent - Compression-type 
main valve prevents broken Mathews from 
leaking « Nozzle level can be raised or 
lowered without excavating « Bell, mechan- 
ical-joint, or flange-type pipe connections 
« Conventional or ‘‘O"' ring packings 


R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, 


Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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Sliding Type 


The Three “Bigs” in Buying 
1. Standardization 
2. Dependability 
3. Quick Delivery 
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BINGHAM & TAYLOR 


CORPORATION 


Genuine Buffalo Cast Iron 
Service. Valve. Roadway and Meter Boxes 


Manhole Frames and Covers 
CULPEPER, VIRGINIA 


In Two Sections 
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can YOUR water meters be installed 
with one hand... in 9 seconds? 


| 


NOW ... low-cost Ford yokes make possible new stand- 
ards of speed and simplicity in meter setting or removal 


The Ford yoke shown above can make water meter installation a lightning-quick 
operation for your maintenance crews . . . cut meter installation time and cost. 


Improved Valve, which can 
be provided as part of Yoke, 
does away with loose connect- 
ing ring, includes standard 
copper tube nut. Result is 
easy-to-make, leak-proof joint. 


Here’s how: With the Ford yoke holding inlet and 
outlet piping in fixed position (see photo), the meter 
is 1) simply set in place on the yoke, and 2) made 
water-tight by a manual expansion connection. The 
complete job takes only 9 seconds! Yet, speed isn’t 
the only advantage of a Ford yoke. Equally important: 
Subsequent meter changes need never disturb service 
line spacing or alignment, eliminating a frequent 
source of trouble and leaks. 

Millions of Ford yokes are in service all over the 
nation and Latin America . . . proving every day that 
there is almost no installation that can’t be made 
better with a Ford yoke. Find out now how much 
maintenance time and money these low-cost units 
can save you. 


For more Information 


and Sample, write FORD 
FOR BETTER WATER SERVICES é 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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“Absolute Rigidity Means 


... longer tool life 
... perfect connections 


Rigidity on the main... 


Widely spread chain hook washers of the 
new B-100 are deeply recessed in yoke—can- 
not slip off when used on large diameter pipe. 
Unique design of chain hook keeps chain 
from twisting while tightening. They all add 
up to absolute rigidity on the main—machine 
cannot move during drilling, tapping or in- 
serting operations. Broken tools and leaky 
connections are eliminated. 


Rigidity in the boring bar... 


Three widely spaced boring bar 
bearings, two in the feed sleeve 
and one at extreme bottom of 
boring bar, assure perfect boring 
bar alignment. Molded nylon 
lower bearing supports drill when 
it first contacts the main. Pipe 
curvature cannot deflect drill— 
tools give longer effective life. 
These three boring bar bearings 
guarantee perfect centering of 
tool and stop, assuring 2 pres- 
sure-tight connection. 


- are only a few of the many 
advanced features of the neu 
Mueller B-100 Drilling, Tapping 
and Inserting Machine. They are 


“ typical, however, of the attention to 
M u Ee A L E R detail in research, design and 
B-100 Machine ngineering that become a pee 


of every Mueller produc t used 
by the water industry 
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Factories at: Decatur, Chattanooga, 
los Angeles; In Conoda: Mueller, 
Limited, Sarnia, Ontario. 
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Dr. Centriline... 


If not, you should! He can do 
things for you . . . like making 
your job easier and saving you 
money. He’s a versatile and 
somewhat ingenious many-armed 
creature who specializes in 
cement-mortar lining the inside 
of pipes. And he’s done this 

to over 4 million feet of pipe, 


too—eliminating corrosion 


and tuberculation . . . increasing 
flow capacity .. . reducing 
leakage . . . slashing pumping 
costs ... and adding years and 
years of pipe life. If you’d like 
to learn more about Dr. 
Centriline and how he can 
work for you, just write or 

call for one of our descriptive 


brochures. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 


140 CEDAR STREET Branch Offices in Principal Cities 
NEW YORK, N. Y | Satay of the United States, 


and Latin America 


CEMENT-MORTAR LINING OF PIPES IN PLACE 
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ANOTHER 
FAIRBANKS-MORSE 
LEADER 


City of Taunton — Harris Street Pump Station 


Illustrating 2 Fairbanks-Morse motor-driven, 4 MGD Fairbanks- 
Morse centrifugal Figure 5814 Pumps, and 1 - 6 MGD Fairbanks- 
Morse 300 HP diesel-driven Fairbanks-Morse Figure 5814 Pump. 


Designed and engineered by Fay, Spofford & Thorndike, Inc., 


Consulting Engineers. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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ELEVATED STERL TANKS 


When your 
elevated 

water storage needs 
are 


large 
in scale 


depend upon 
the unequalled 


experience of 


Elevated steel tanks of largest 

size are supplied by PDM to meet the 
increasing water storage volumes required 
by America’s ever-expanding communities. 
@ Engineering of highest excellence, 
precision fabrication and sure 
craftsmanship in erection have 
distinguished Elevated Stee! Tanks 

by Pittsburgh-Des Moines since 1897. 
Write for prompt quotations. 


Pittsburgh, Po. 2,500,000 Gallons 


Pittsburgh-Des Moines 
Steel Company 


Plants at Sales Offices: 

PITTSBURGH PITTSBURGH (25)... ..3424 Neville Island 
BALTIMORE NEW YORK (17). .Suite 2721, 200 E. 42d St. 
DES MOINES CHICAGO (3)....628 First Nat. Bank Bidg. 
SANTA CLARA EL MONTE, CAL.......... P. 0. Box 2012 
FRESNO and ATLANTA (5).361 E. Paces Ferry Rd., NE. 
STOCKTON, CAL. DES MOINES (8) 925 Tuttle Street 
DALLAS (1) 1229 Praetorian Bidg. 
SEATTLE (1) Suite 332, 500 Wall St. 
SANTA CLARA, CAL 631 Alviso Road 
DENVER (2)...323 Railway Exchange Bidg. 
BALTIMORE (26) Curtis Bay Station 1,000,000 Gallons 


Fort Wayne, Ind. 
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ELIMINATES 


dise tilting 
and chatter 


REDUCES 


wear of 
dise E seat 
tring faces 


Smith Square Bottom Throttle Construction Valves have all of the 
time-proven design and construction refinements of standard Smith Gate 
and Tapping Valves and are recommended for severe service applications 
such as throttling in a partly open position, daily or frequent operation 
against high unbalanced pressure, high velocity or installation in a flat 
position in vertical piping. 

The design features consisting of disc shoes and body tracks me- 
chanically lift and hold the disc ring face (1) out of contact with the 
seat ring face (2) at all points of disc travel with the exception of the 
fully closed position. 

Throttle construction valve discs are provided with three non-ferrous 
metal shoes (3), precision-machined and jig located. Valve bodies are 
provided with three non-ferrous meta! machined tracks (4). The three 
disc shoes register with the three body tracks and each shoe is in contact 
with a track while the valve is unseated and in any partially open posi- 
tion. The bottom section of each track is bevelled to insure that the shoes 
will not bear on the tracks when the valve is fully closed. 

This construction prevents damage to and uneven disc and seat face 
wear and assures long service life under severe operating conditions. 

Single throttle construction is used when the flow is not subject to 
reversal. Double throttle construction when the flow is subject to reversal. 


. THE A.P. SMITH MFG. CO. 


EAST. NEW JERSEY 
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‘LP GAS BURNER 


THIS IS THE FASTEST MOST 
SUCCESSFUL THAWING 


’ Here is the most practical, most effective, thawing DEVICE KNOWN IN THE 

device ever offered the water field. Thaws water WATER FIELD. . 
ipes, valves, hydrants etc., and removes grease, 3 

fro rozen mud or dirt from vehicles or machinery. ; 

Three gallon rustproof steam generator with safe- 

ty valve, 30 pound steam gauge, water 
uge, 6 feet of steam hose with steel, insu- 

ated nozzle that can 

get into tight spots. 

Can be refilled with- 

out shutting off 

burner. Weight 95 

lbs. —20 lb. propane 

gas cylinder comes 

with burner—extra 

cylinders always 

available. 


This is a must for the modern 
water works plant. Order your 
outfit today. We'll ship imme- 
diately. Fully guaranteed. 


Write for our 
catalog 


PIPE LINE EQUIPMENT 
= Place your next order with POLLARD 


If it's from POLLARD... It's the Best in Pipe Line Equipment 


POLLARD wew ParRK+ NEW YorRK 


: 964 Peoples Gas. Building, Chicago, Illinois 
Branch Offices: — 
€ 333 Candler Building, Atlanta; Georgia 


PIPE LINE EQUIPMENT 


“LINE EQUIPMENT 
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* NOW A FULL %” SIZE 


ROCKWELL SEALED REGISTER METER 
with Powerful 


Why has Rockwell invested a substantial sum in 
the development of another, bigger size magnetic 
meter? Because you asked for it! Based on your 
tremendous acceptance of our magnetic meter 
principle, there is now available to you a full 
%4'’ size Rockwell Sealed Register meter to 
handle larger services. And more and bigger 
sizes are to come. 

With it you can meter %” services with the 
same exclusive advantages proved the country 
over by thousands of % ’’ Sealed Register meter 
installations. These iackade a powerful magnetic 
drive which (1) eliminates the need for a stuffing 


Magnetic Drive 


box, (2) permits the use of a hermetically sealed, 
fog-free register and (3) provides an economical, 
easy to repair construction in which only two 
parts operate in water. 

For full facts on this newest magnetic meter, 
write Rockwell Manufacturing Company, 
Pittsburgh 8, Pa. 


SEALED REGISTER METERS 


ROCKWELL? 


| 
“the newest member in the growing family of MAGNETIC METERS > 
west member in the gro 
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SAYS A CITY ENGINEER: 
“L&R gate valves pass our 3-point test!” 


Many engineers and waterworks superintendents ask themselves this question 

before specifying a particular gate valve: 

“Does it operate easily, efficiently and dependably?” 

Ludlow gate valves and Rensselaer gate valves meet all three of these basic requirements. 
They give you watertight closure through years of dependable, trouble-free performance. 
Simple in design and easy to operate, they exceed A.W.W.A, specifications. 


WRITE FOR THE L&R GATE VALVE CATALOG, showing 
the most complete selection of outstanding design features 
available today. There are sizes from 2° to 72°, plus custom 
designing for special applications. 


Rensselaer tapping Pe L u D LOW & FR E N Ss Ss E LA E R 


branchline connections to main lines undet 
pressure 


VALVES AND HYDRANTS 


THE LUDLOW VALVE MANUFACTURING CO., INC., TROY, N. ¥. = SINCE 1861 


. 
ang : 
r 
e 
. : 
. 


FINANCIAL 
PROTECTION 


for your most vital service 


Water . . . your community’s most important single service . . . must be 
protected by sound financing. The only sure protection is the sustained 
accuracy of your water meters. 

If a meter becomes inaccurate, it starts to give away revenue. In home 
after home, leaks and carelessness go scot-free. The warning voice of the 
meter is gradually stilled, and wanton waste soon uses up your available 
water supply. 

Worse yet, lack of proper income makes it impossible to build new 
capacity without tremendous losses. Water shortages soon become criti- 
cal. Your city’s development program soon dies . . . of thirst. 

How guard against this? Set up a good meter testing and repair pro- 
gram. Pick meters that stay accurate longer. Talk to your meter super- 
intendent . . . the man whose efforts guard your water supply. Ask which 
brand of meter consistently gives highest sustained revenue . . . with low- 
est repair and depreciation. We sincerely believe your answer will be 
“Trident.” 


NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N. Y. ae *j nep loon 
1430 Lakeshore Road © Toronto 14, Ontario ia j TRIDENT, WATER 


Branch Offices in Principal American and Canadian Cities. ; ME T E RS 
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METERS 
POSITIVE CONTROL OF MATERIALS IN moron 
CONTROLS 


BUILDERS-PROVIDENCE instruments for 
measuring and controlling flow, liquid level, 
pressure and weight 
Butterfly Valves + Chlorinizers 
Supervisory Control Systems 


PROPORTIONEERS feeding and proportioning 
equipment for all chemical solutions 

Metering Pumps Filters 

Liquid Blenders 


OMEGA dry and liquid feeders 


Silica Activators Lime Slakers 


District B-I-F INDUSTRIES, INC. 
9 SCHOOL ST. 
ISLINGTON, MASS. 
DAVIS 6-S690 


Main Office 366 HARRIS AVENUE 
PROVIDENCE, R. I. 
TEL. GASPEE 1-4302 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE PROPORTIONEERS OMEGA 
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“not 1¢ of maintenance. . . 


NATGUN 


100% MAINTENANCE-FREE 
@ NO RUSTING 
@ NO PAINTING 


@ NO DANGEROUS AND 
TROUBLESOME SHUT- 
DOWNS 


The story of how composite, 
wire-wound prestressed liq- 
uid storage tanks can effect 
substantial savings for you is 
worth knowing. For full in- 
formation, write to NATGUN. 


in 23 years.” 


PRESTRESSED 
TANKS 


“Our 1,500,000 gal. standpipe proved 
to us that NATGUN Prestressed Tanks 
are truly maintenar.ve-free. Not 1¢ has 
been spent on this tank since it was built 
in 1936. 

“Accordingly, in taking bids for New 
Britain’s new 4,000,000 gal. reservoir, 
consideration was given to Prestressed 
Tanks ONLY. 

“Now our two NATGUN Tanks stand 
side by side — a testimonial to trouble- 
free service.” 


GEORGE WOOD 

Chief Engineer 

Board of Water Gommissioners 
New Britain, Conn. 


PRESTRESSED TANKS COST ONLY ONCE 


NATGUN CORPORATION 


101 WEST DEDHAM STREET, BOSTON 18, MASS. 
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Durette Photo Company, Inc. 
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New ENGLAND WaTER Works ASSOCIATION 
ORGANIZED 1882 


Marcu, 1959 


This Association, as a body, is not responsible for the statements or opinions of any individual. 


PUBLIC WATER SUPPLIES OF CONNECTICUT 
DURING THE 1957 DROUGHT 


BY FREDERICK O. A. ALMQUIST* 


[Read February 20, 1958.) 


The urexpected happenings that occur in the operation of 
a public water supply serve to break any possible monotony and 
keep the water official alert. While writing this article the writer 
has just finished reading in the local paper that a broken water 
main, through danger of cave-ins and explosions, was imperiling 
a part of Jersey City, N. J., causing the closing of schools and 
industrial plants in a third of the city—about 1.5 mil gal of 
water were being lost every hour—and, of course, in 13° weather. 
A much greater emergency occurred during 1957, when the north- 
eastern portion of the United States experienced an extended dry 
period, which caused much anxiety to many water-works officials 
and a great deal of loss to water utilities, farmers and others. 
Connecticut was among the states that was seriously affected. 

After ten months of rainfall deficiency in 1957, rains fell in 
November and December. In January 1958, only two or three 
months after drought conditions existed, there were some rumors 
of possible flood damage. Such are the vagaries of a New England 
climate, and such are the problems that rise to plague a water- 
works man. But a good water-works man does not forget, or at 
least his records should not allow him to forget. It’s an ill wind 
that does not blow some one good, and an emergency once over 
should be of some help in providing experience to eliminate repeti- 
tion of conditions over which man has some control. The 1957 
drought served to provide considerable experience and should 
result in much future planning. 


*Principal Sanitary Engineer, State Dept. of Health. Hartford, Conn. 
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CONNECTICUT WATER SUPPLIES IN 1957 DROUGHT 


RAINFALL IN CONNECTICUT DuRING 1957 


The year 1957 was not the driest year on record so far as 
rainfall is concerned. The first ten months, however, almost set 
a record. The following table shows the rainfall at three locations 
in the state by months, as compared to the normal rainfall. 


Hartfordt New Havent Bridgeport* 
1957. Normal 1957 Normal 1957. Normal 


3.89 2.33 3.86 
3.41 3.61 
4.12 4.45 
3.89 3.94 
3.87 : 3.90 
3.81 . 3.49 
3.66 4.27 
4.57 
3.85 
3.74 
3.92 
3.97 


January 1.95 
February 1.46 
March 1.87 
April 4.43 
May 1.91 
June 2.65 
July 4.59 
August 1.20 
September 1.20 
October 335 
November 4.49 
December 6.20 
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Total 35.30 


Nm 


tRecords back to 1868. 
Island Sound shore line. 

Well above normal rainfall during November and December 
probably kept the total for the year from being a record low. 
The deficiency from the normal in Hartford for the year was 
7.23 in., New Haven 6.98 in., and Bridgeport 9.04 in. The margin 
of deficiency was much greater for the first ten months. In 
Hartford the total rainfall for the first ten months of 1957 was 
24.61 in., as compared to a normal rainfall of 35.19 in., or a 
difference of 10.58 in. In New Haven these figures were 27.85 
in., as compared with an expected 37.22 in., or a difference of 
9.37 in. The figures for Bridgeport are even more striking. The 
ten-month rainfall was 28.93 in., as compared to a normal of 
39.68 in., or a difference of 10.75 in. 
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FREDERICK 0. A. ALMQUIST 


GENERAL EFFECT ON WATER SUPPLIES 


Needless to say, despite all possible precautions and pleas 
for conservation, many reservoirs became very seriously depleted. 
As conditions became increasingly serious, consumers were re- 
quired to conserve water. This took many forms, such as no lawn 
sprinkling, no car washing, and finally no use at all except for 
bare necessities. In at least one city fines were levied against 
persons for violating emergency rules. Some utilities asked that 
lawn sprinkling and other use of water be do: every other day, 
with even numbered houses on even calendar days and odd- 
numbered houses on odd calendar days. These requests some- 
times were supplemented with requests for use only during certain 
hours. Attempts were made to conserve on water in industrial 
plants, and while at first the conservation did not affect produc- 
tion, later it became serious in many plants. Some utilities, as 
might be expected, who were fortunate to have planned adequate- 
ly in advance, had sufficient storage or supply and were never 
forced to call for curtailment of water for any purpose. 


Questionnaire 


The Connecticut State Department of Health is vitally 
interested in the adequacy as well as the safety of a public 
water supply. The depletion of a public water supply may result 
in serious health hazards, directly or indirectly, and a serious 
depletion may be dangerous from the standpoint of fire preven- 
tion and control. 


Certain sections of the General Statutes place the authority 
for the supervision of public water supplies in the Connecticut 
State Department of Health. When it was evident that conditions 
were becoming quite serious, a questionnaire was sent out in 
October to the water-supply officials. A copy of this questionnaire 
is shown. 

Returns were received from 53 supplies and 4 state institu- 
tions. This was considered a good return, as there are several 
small supplies and many with an adequate ground-water source. 
Of 40 water supplies involving surface-water sources, 10 were 
reduced to less than 60 days’ supply remaining, and 2 well 
supplies practically failed. 
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FREDERICK O. A. ALMQUIST 


EXPERIENCES OF SEVERAL UTILITIES 


A review of experiences by several utilities, pointing out 
their difficulties and remedies, is made with the thought that 
others may encounter similar conditions and thereby profit 
from them. 

One of the first utilities to feel the shortage of water was the 
city of New Britain. This was undoubtedly because the con- 
sumption, much of it industrial, had increased faster than steps 
taken to prolong the adequacy. Even during the fall of 1956 
the city was forced to pump from an emergency brook supply. 
This was temporarily discontinued during the winter of 1956- 
1957 and the spring of 1957. The city soon went back to the 
emergency brook supply and before the end of 1957 was drawing 
water from 6 emergency supplies. The water-department engi- 
neers were aware of a possible shortage, but the city over a 
period of years had not acted. Emergency supplies used included 
brooks, ponds, wells and connections with two neighboring public 
water supplies. 

A textile plant in the village of Occum in the town of 
Norwich operates a small supply, obtained from a 500-ft drilled 
well, and also owns a small, previously abandoned surface reser- 
voir. The well supply was apparently reduced in yield, and the 
reservoir supply was used to absolute depletion. A tank truck 
was pressed into use, carrying water to the consumers for toilet 
flushing and bathing. Unfortunately, neither the loca! director of 
health nor the state department of health was informed, and 
when the investigation was made, it was revealed that the tank 
truck was filled with contaminated river water. Had either agency 
been called immediately, at least the water in the tank truck 
could have been disinfected. In looking around for an emergency 
source, a farm reservoir, constructed only the year before with 
U. S. Dept. of Agriculture aid, under the bureau of conservation 
was found about one-half mile away. The reservoir held probably 
3 mil gal; the water appeared clear, and there was a good yield. 
A sample of water was collected for analysis, and fortunately a 
microscopical analysis was made. The water contained a fairly 
heavy algal growth of the taste- and odor-producing type and 
required copper-sulphate treatment. Through the use of some 
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aluminum irrigation pipe with some fire hose and an emergency 
pump, the local reservoir received enough water from the farm 
reservoir to carry over the emergency. 

In the village of Bethel, the water is obtained from reservoirs, 
furnishing a high- and low-service system, supplemented by 
water from a gravel-packed well. The well has been a needed 
addition to the supply. While drawing at a normal rate frorh 
the well, a satisfactory water was obtained. However, when the 
rate was increased, the hardness increased from about 100 ppm 
to 400 ppm, causing complaint, and a reduction in the pumping 
rate had to be made. Another well has been constructed. 

The city of Bristol ran into some difficulty in spite of the 
construction of a second gravel-packed well, yielding in excess 
of 1,400 gpm. Chlorinated reservoir water was pumped into the 
clear well of the filtration plant to relieve the load on the plant. 
In addition, a collecting basin was excavated on the brook below 
the plant, and this water was pumped back into the reservoir 
after chlorination. The basin picked up water from a small water- 
shed, the overflow from the wash-water lagoon below the filtra- 
tion plant, and possibly some seepage through the dike from 
the reservoir. 

A small reservoir, furnishing water to three small villages 
in the town of Killingly by the Powdrell and Alexander Memorial 
Water Association, became entirely depleted because of lack 
of run-off. Fortunately a factory in the lower village had a 
drilled well of good capacity with water of good quality. There 
already existed a connection for mutual aid, the two supplies 
being separated by two gate valves with an open drip valve 
between. It was a simple matter to change the valves and supply 
the villages from the factory well. 

The source of water supply for the Cromwell Fire District 
is a series of driven and gravel-packed wells. When the yield 
seemed to diminish, the casing was pulled and the well made 
deeper with an apparent increase in the yield. Such a procedure, 
however, is not always recommended for increasing the yield. 

The Crystal Water Co. of Danielson felt the need of addi- 
tional water. The company already had one gravel-packed well 
to augment the surface-water source. An eight-inch test well was 
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driven, preparatory to the construction of another gravel-packed 
well. The yield was good, and a pump was placed on the test 
well for a quick supply. With the emergency over, the gravel- 
packed well will be finished. 

The Farmington Water Co. has a surface water which is 
filtered through slow sand filters and chlorinated. Fortunately a 
connection had been made some time ago to a transmission main 
from the Nepaug Reservoir of the Metropolitan District of Hart- 
ford County. When the local reservoir became low, a switch was 
made to the emergency connection. 

Part of the water supply of the Connecticut Water Co., 
Guilford Division, is obtained from wells, and part from a reser- 
voir system. When dry weather persisted and it was necessary 
to maintain a high rate of pumpage from one gravel-packed well, 
it was decided to recharge the ground water by raising a dam and 
thus the ground-water level. This brought the outside surface 
water close to the well. It also flooded over new vegetation, 
which caused a pick-up of organic matter in the ground water and 
resulted in a disagreeable and unbearable chlorophenol-type taste 
in the delivered water. The rate of chlorine dosage was lowered 
to an absolute minimum with daily bacterial analysis of the 
water during the emergency. 

This same water company was troubled considerably with 
near-depletion of reservoir water in the Naugatuck Division. 
Only 30 days’ storage remained at one time. Factories were 
asked to curtail water consumption to a point where production 
was lessened. This company lost many thousands of dollars in 
revenue. Future plans call for the raising of one dam and 
diverting water from an adjacent watershed. This will take some 
time. In the meantime, an emergency pumping station was set 
up on a brook. Even so, considerable delay was experienced until 
objectionable watershed conditions on the brook could be 
corrected. 

To add still more worries to the officials of the Connecticut 
Water Co., the reservoir supply of the Stafford Division became 
exceedingly low. Three wells on the watershed were pressed into 
use. Normally only one is used because of a high iron content 
in the ground water. The company had previously installed super- 
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chlorination equipment with sedimentation, and this, with some 
dilution from the surface water, resulted in a usable water. Three 
pond supplies were also surveyed, one being located on the water- 
shed. This latter pond, though not large, would have provided 
some additional water very easily and simply. 

The Jewett City Water Co., served by a reservoir and gravel- 
packed well, found itself in difficulty. Time was consumed in 
surveying another watershed which was finally not needed. One 
of the leading factories helped by reducing the consumption from 
the public water supply appreciably, when it drew water for 
process work from an adjacent pond. 

The Manchester Water Department had anticipated a 
possible water shortage, when a year or two previously it pur- 
chased a large factory pond-water supply, equipped with chlorina- 
tion and a rapid-sand filtration plant, already connected and 
ready to operate. The water department has also completed 
several wells to augment its surface supply. 

The city of Meriden sought and obtained the use of a fairly 
large factory water supply of good quality. The water was 
already being chlorinated and was ready for use. Another 
abandoned factory pond with a 20-inch transmission line already 
in the ground was surveyed for possible use. The necessary 
piping connections were made ready for installation, if necessary. 

A series of wells formerly abandoned by the Lakeville Water 
Co. were again used during the emergency. They were formerly 
abandoned in favor of some new ones with a less degree of 
hardness. 

Several water utilities in Connecticut have constructed wells 
on or above watersheds with discharge to storage reservoirs or 
drainage areas of storage reservoirs. The Bridgeport Hydraulic 
Co. has five gravel-packed wells, estimated to yield 12 mgd, 
which are pumped onto one of its watersheds. Others in the 
same area are in the process of construction. The Mystic Valley 
Water Co. completed one during the year just above its storage 
reservoir. If there are no well locations near the distribution 
system, there may be some near the collecting system. 

Water for the New Milford Water Co. is obtained from a 
series of reservoirs. A pipeline conveys water from the reservoir 
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farthest away. The hydraulics of the line are such that advantage 
cannot be taken of as great a flow as is available and desirable. 
A pump can be used frequently to improve the flow. Booster 
pumps can also be placed on transmission lines to distribution 
systems, to maintain pressures when the consumption is heavy 
during dry-weather periods. 

Sometimes water can be found relatively near distribution 
systems, but the pipeline hydraulics are poor. The town of 
Southington was limited in the water that could be obtained from 
a second gravel-packed well, until a larger pipeline could be 
installed. 

A reservoir and gravel-packed well furnish water to the 
system of the Thomaston Water Co. The reservoir water is 
filtered through a rapid-sand-type filter and chlorinated. Setting 
the pump a little deeper in the well appeared to provide a little 
more water. However, the improvement was not enough, and the 
reservoir elevation was dangerously lowered. The filtration plant 
had to be bypassed with chlorination, and finally an emergency 
connection was made to a transmission main of the city of 
Waterbury. Difficulty arose when the connection was made to 
the Waterbury line. It was almost impossible to find a valve in 
the Thomaston system that would close the water flow, so that 
work could be done on the piping. 

Two reservoirs, one above the other, furnish water to the 
system of the Unionville Water Co. in the town of Farmington. 
They became alarmingly low and an existing connection to the 
Nepaug Reservoir supply of the Metropolitan District of Hart- 
ford County was turned on. When the local reservoirs were 
again full, they were placed back in use. Complaints poured in, 
and a microscopical analysis showed the presence of algae. After 
an investigation, it was recommended that copper sulphate be 
added to the reservoirs. The complaints stopped for about a week, 
then came in again. Further investigation showed that the lower 
reservoir was treated with copper sulphate, but the upper one, 
being a little larger and more difficult to treat, was not. After 
both reservoirs were treated, no further complaints were received. 
While it did not occur during the 1957 drought, one reservoir 
at the time of the previous dry period was drawn down below 
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the intake level. A raft was constructed and water pumped into 
the intake line from a pump on the raft. 

A small water company, known as the Westover Water Co., 
in the town of Middlebury obtains its supply from a series of 
wells, a spring and an infiltration gallery. In spite of the con- 
struction of a gravel-packed well during the previous year, the 
total yield did not meet the demands of the system. Water was 
pumped from a nearby lake into one of the wells, from which it 
was repumped, after chlorination, into the distribution system. 

The Woodbury Water Co. reservoir became quite low during 
the dry period. Because the hydraulics of the piping system 
were poor, a recently constructed standpipe would not fill. To 
obtain more water and to aid the pressure conditions, a well 
was constructed at the farther end of the system from the reser- 
voir. The well was used successfully during the dry period. 

The Connecticut State Hospital at Middletown for several 
years has been consuming more water from its collecting system 
than the system is estimated to yield in an extended dry period. 
Several improvements were made in piping and pumping to take 
the fullest advantage of the existing supply. Since the danger 
was realized, another reservoir was constructed during the past 
year which, though not quite ready for the 1957 dry period, will 
be available for any future dry period. 


SUMMARY OF LESSONS LEARNED 


The lessons listed below have been taken from experiences 
gained in the 1957 drought only. There are many more that 
could be listed. These experiences or lessons are reviewed with 
the thought that they may be of help to some water-works 
official who might find himself in a similarly unfortunate system. 


General 


1. In Connecticut a sanitary-code regulation exists, requir- 
ing the local water-utility officials to communicate with the state 
department of health in any emergency affecting the water supply. 
With a broad general knowledge, officials of the state department 
of health can frequently be of considerable assistance. The 
distribution of an unsafe water by means of a tank truck, as was 
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done by one of our small factory utilities, could have been 
averted. 

2. An effort should be made by adjacent utilities to be of 
mutual aid to each other. This should be considered before there 
is an actual emergency, and such things as the following could 
well be studied: 

a. Relative pressures of adjacent piping systems and the amount of 
water available. 

b. Sizes of piping at point where an interconnection might be made. 

c. In cases where pumping may be necessary, the locations and arrange- 
ments necessary for an emergency pumping station. 


3. The hydraulics of the distribution system should be 
studied, and a thorough knowledge of weaknesses should be 
acquired. 

4. Similarly, the hydraulics of the collecting system should 
be known. Existing transmission lines or diverting lines or tunnels 
may not offer best efficiency and also may be losing capacity 
faster than anticipated. 

5. Possible emergency equipment should be checked con- 
stantly, such as: 

a. Amount and type of piping on hand. 
b. Pumps available, electric- or gas-driven, and arrangements necessary 
for their use. This would include possible power lines. 

Disinfection equipment. 

Emergency housing that may be necessary for pumping equipment, 

disinfection equipment, etc. 


6. Valves should be checked in the distribution system as 
to their condition. It may be necessary to close one or more to 
make emergency connections. 

7. If certain lines have not been in use either before or 
after the emergency and have been standing full of water, they 
should be flushed thoroughly before being placed in use. Water 
may deteriorate on standing to a point where it may have objec- 
tionable characteristics. 


Surface Waters 
1. When surface waters are involved, studies should be 


; 
: 
. 
+ 
a 
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made of any possibilities of emergency supplies. These should 
include: 

a. Amount of water available with assurance that it will be available 
when required. 

b. Condition of watershed should be known — sufficient time should be 
allowed to make any necessary corrections of undesirable or poten- 
tentially dangerous sources of contamination. 

Ice ponds or former ice ponds are usually good sources of emergency 
supply, because previous watershed inspections have undoubtedly 
been made. 

Factory ponds can frequently be used in an emergency. Knowledge 
should be obtained as to the amount available and previous com- 
mitments. 

Frequently lost water from seepage through cams can be impounded 
below a reservoir and pumped back to the reservoir. Wash-water 
below a filtration plant can sometimes be salvaged in this way. 


2. Any surface water should be examined as to physical, 
chemical and bacterial quality before being placed in use. The 
examination should include a microscopical analysis for objection- 
able algal growths. This should also be done if a depleted reser- 
voir has filled and it is desired to place it back in use. 

3. Should it be necessary to add copper sulphate to a 
reservoir, investigation should be made of any reservoirs upstream 
which might possibly seed a lower reservoir. 

4. If the prolonging of the adequacy of a surface supply 
is needed and a new reservoir is indicated, an early start should 
be made. After a study has shown a possible site, it should be 
obtained immediately and the necessary work started, since there 
is usually quite a long period of time from the early stages to 
the completion of such a project. 


Well Supplies 

1. Normally yield tests are of too short a duration of time. 
Eight hours is too short a period, and 24 hours should be con- 
sidered as a minimum length with observations of draw-down 
and recovery. A week’s test or even two weeks of continuous 
pumping with the proper measurements and records should be 
considered. One gravel-packed well, 300 to 400 ft from a brackish 
stream, assumed some of the characteristics of the stream, and 
rate of pumpage had to be reduced. Another gravel-packed well 
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increased from approximately 100 ppm to 400 ppm in hardness 
when heavily pumped. A good yield test will provide the recom- 
mended maximum rate of pumping. The water during a yield 
test of several days or more should be examined near the begin- 
ning of the test and also at the end. 

2. Occasionally adding depth to a well may provide some 
additional yield, but dependence cannot be placed on it. Fre- 
quently some additional water can be obtained by setting the 
pump a little lower in a well, to obtain a greater draw-down. 

3. Recharging of ground water so as to keep the ground- 
water level up, by pooling water on the surface in the vicinity of 
a well or wells, has been found helpful in a great many instances 
in improving the yield. Care should be exercised that the recharg- 
ing water contains no objectionable elements or that it does not 
come too close to the well. Under no condition will the Con- 
necticut State Department of Health approve a well supply 
where surface water can come within a 50-foot horizontal distance 
from the well. 

4. There is a strong trend for public water utilities to 
supplement their existing supplies through the use of wells. This 
is because of the high cost of reservoirs, the rapidity of develop- 
tient of wells if successful, and likelihood of good-quality water 
without extensive treatment. These wells must be located where 
ground water is available. This location is not always at the most 
convenient point for the utility. Normally it is most desirable 
to locate a well near a pipeline in the distribution system, on 
the opposite side from the reservoir. However, in many cases 
wells can be found on watersheds or close to watersheds above 
reservoirs. These have worked out very nicely in many cases 
in Connecticut. Iron and hardness should be watched in connec- 
tion with well-water quality. 

5. Many factories have provided themselves with wells. 
These wells are frequently potable and may be available to public 
water supplies in emergencies. 


CONCLUSIONS 


1. A drought or any other emergency that causes a reservoir 
to become depleted is very likely to result in many objectionable 
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and some serious conditions. The water in a low reservoir with- 
out circulation is inferior in quality to that in a full reservoir. The 
low water also may result in poor fire protection with lessened 
pressure. 

2. A vicious cycle begins when there is a shortage of water. 
Requested curtailment in general use of water causes loss of 
revenue to the utility, and loss of revenue makes improvement 
in adequacy of supply more difficult. In the meantime, curtail- 
ment in use of water in industry causes curtailment of work, loss 
of wages, and difficulty in payment of taxes and bills in general. 
One moderately large utility reported that its loss in revenue 
during the 1957 drought was in the vicinity of $45,000, and the 
cost of obtaining and operating emergency sources was in the 
vicinity of $105,000. 

3. A drought emergency should point out weaknesses in 
systems which should serve at least two purposes: (1) to stir 
the management into action and (2) to inform the consumers of 
public water-supply conditions in their area. 

4. Improvements or additions to public water supplies are 
sometimes complicated and need considerable study and planning. 
Water utilities will frequently need to call in consulting engineers 
for these problems, as it is important that the best solution pos- 
sible be made toward maintaining this most important commodity 
we are privileged to use and enjoy. 

5. As a result of an emergency, such as from an extended 
dry period, water-utility manag: ents should keep pressing their 
boards of water commissioners or directors for action. A long 
period of time often elapses between the planning stage and the 
final execution of a project, and no -ime should be lost in starting, 
after a necessity has been demonstrated. The public, chambers of 
commerce, manufacturing associations and other organizations 
should support improvements, whenever necessary. 
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GEORGE W. WOOD 


THE EXPERIENCES OF NEW BRITAIN WITH 
THE 1957 DROUGHT 


BY GEORGE W. WOOD* 


[Read February 20, 1958.) 


In 1957 we had a very serious drought. This is not news 
to many of you, for you had your problems too during this period. 
If the various methods used to solve this problem, however, were 
known to all of us, it might be helpful in the future. 

The city of New Britain, Conn., certainly had a problem 
during this drought period but managed to come through, and at 
no time did anyone have to go without water for all regular uses, 
nor did any manufacturer have to curtail his operations for lack 
of water. 

Before telling you of our experiences during this past sum- 
mer let me give you a little background history. 

The first water was brought to the city from Shuttle Meadow 
Reservoir in October, 1857. The second addition to the supply 
was the Wolcott Reservoir, constructed in 1898. The third and 
last surface-supply addition was the Whigville Reservoir, con- 
structed in 1908 (see Figure 1). 

The next addition to the supply was the construction of a 
well supply at White Bridge in Forestville in 1922, improved in 
1945 and now capable of supplying about 3 mgd. The third and 
last addition was the construction of the Patton Brook well in 
Southington in 1950, capable of producing 1 mgd. 

The three reservoirs provide a total storage capacity of 
1,530 mil gal, inadequate for a population of 90,000 people. The 
safe yield of the system at the present time is between 9 and 9.5 
mgd, approximately 50% being used by industry. 

Table 1 gives the average daily consumption and the monthly 
rainfall for the past three years. 

This table shows clearly that throughout 1955 and 1956 
the average daily consumption was greater than our safe yield. 


*Engineer. Board of Water Commissioners, New Britain. Conn. 
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GEORGE W. WOOD 17 
In 1955, if we had not had those disastrous floods of August and 
October, we should have had a water shortage. 

Even with consumption greater than safe yield and precipita- 
tion less than normal we were able to maintain 100% storage until 
the middle of June, 1956. Then our storage started to drop until 
the low point was reached on Dec. 8. The total storage at this 
time was 579 mg, or 38%. 

Table 2 shows the total water in storage on the first of each 
month in million gallons and percentage of total storage. 


TABLE 2 


1956 1957 1958 
Storage % of Storage % of Storage % of 
in mg total in mg total in mg total 
Jan. 1,404 92.12 800 52.48 954 62.54 
Feb. 1,382 90.68 861 56.51 1,308 85.77 
Mar. 1,505 98.70 899 58.99 
Apr. 1,546 100.00 955 62.63 
May 1,570 100.00 1,212 79.50 
June 1,459 95.69 1,087 71.30 
July 1,339 87.80 897 58.86 
Aug. 1.237 81.13 735 48.20 
Sept. 1,002 65.74 608 39.80 
Oct. 850 $5.77 508 33.30 
Nov. 671 43.99 463 30.39 
Dec. 


596 39.06 551 36.15 


In November, 1956, an appeal was made to the public to 
conserve water. The city endeavored to obtain assistance from 
the Corps of Engineers in Springfield and Boston and from the 
Civil Defense authorities in Connecticut, but in each case the 
answer was the same: “Did not have any authority to render aid 
in such a case.” 

The pipeline between Wolcott Reservoir and Shuttle 
Meadow Reservoir crosses the Eight Mile River in Southington. 
This river is not large but looked like a good possibility for 
an emergency connection. But the city did not have the right to 
use the property or the water. Contacts were made with the 
property owner, the Southington Water Co., and the Selectmen 
of the town of Southington. 
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When permission was granted to use this source, a 1,000- 
gpm pump, coupled to an industrial gas engine, was purchased 
and installed. The point of pick-up was 21,300 ft from Shuttle 
Meadow Reservoir and at such an elevation that it was necessary 
to pump against approximately a head of 250 ft. This unit was 
operated intermittently until April, 1957. 

It became evident in May that, unless we had a wet summer, 
we were going to be in trouble. Watering of lawns and gardens 
was put on a restricted basis. As the summer progressed and 
conditions continued to get worse, more restrictions were placed 


upon the use of water and more emergency supplies were put into 
operation. 


In July the following notice was inserted in the local news- 
paper: 

“Lack of rainfall and the large use of water has brought about a 
critical shortage of the amount of water available. In order to conserve 
the present supply the following restrictions are put into effect at 
12:01 A.M. Wednesday, July 24, 1957. 

“1. No outside use of water for any purpose whatsoever, including 
hoses, sprinklers, lawn, garden, car washing, wading and swimming pools. 

“2. No Business or residential use of City water for air condi- 
tioning systems or units not equipped with water recovery units as de- 
fined by ordinance, Chapter XVIII, Section 17. 

“3. No residential or commercial car washing. 

“Violation of the above is considered a waste of water and subject to 
a penalty for each offense, a fine of not less than five nor more than 
twenty-five dollars. 

“All users of New Britain water must comply with the above re- 
strictions. 


The ordinance referred to as Chapter XVIII, Section 17, 


was approved by the city officials on July 19, 1956, and is as 
follows: 


“Chapter XVIII of the Ordinances of the Common Council as 
amended is hereby further amended by adding thereto the following: 
Section 17. No owner or occupant of any premises may install and use 
air conditioning and refrigerating equipment utilizing water from the 
public supply as a cooling agent unless said owner or occupant uses water 
conserving equipment. 

“Existing installations are required to conform with this regulation 
before June 1, 1957. 

“The Board of Water Commissioners shall be the sole judge of 
what is non-conserving air conditioning and refrigerating equipment. 
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“All water consuming units must be registered with the Board of 
Water Commissioners. Existing units must be registered during March 
1957. New units must be registered within 30 days after installation.” 


Mayor Morelli appointed a committee composed of citizens 
representing a cross-section of the community. This committee 
was known as the “Citizens Advisory Committee for Conserva- 
tion of Water’ and performed a very good job of keeping the 
public conscious of the water shortage and thinking of methods 
to save water. Newspapers, radio and television stations did an 
exceptional job of keeping the public informed of what was being 
done to maintain a supply of water. 

Restrictions and publicity were not the only means used to 
alleviate the situation. Six emergency supplies were put into 
operation. Obtaining the right to use these various sources and 
putting them into operation was not easy. 

The first emergency supply put into operation was the Eight 
Mile River. This source was used during the first part of 1956. 
The industrial pumping unit installed was not intended to be run 
continuously for many days at a time and therefore gave us a 
maintenance problem. 

Mayor Morelli tried again to get help from various Federal 
agencies and again was turned down. However, after many 
persistent and persuasive telephone calls, the Civil Defense Au- 
thorities agreed to loan us some equipment. At a location about 
25 miles from New Britain the CD maintained a storage ware- 
house, holding pumping units, pipe, couplings and valves. 

With our own equipment we transported a pumping unit 
with soine fittings, couplings and valves to the Eight Mile River 
location. This unit had a capacity of 1,500 gpm against a 230- 
foot head. At times when enough water was available both units 
were operated. There never was a time when at least one unit 
could not be operated. 

In the neighboring town of Berlin there are two ponds known 
as Hart’s Ponds, owned by the Continental Can Co. This firm 
was contacted, and permission was granted to use these ponds. 
Two installations were made here. Hart’s Pond #1 was about 
2\% miles from Shuttle Meadow Reservoir, and there was a 
difference of elevation to overcome of about 350 ft. Two CD 
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pumping units, 2!% miles of 8-inch steel pipe, couplings, fittings 
and valves were transported and installed. One unit was installed 
at the pond and the second unit about ' of the distance toward 
Shuttle Meadow. 


After a few weeks of operation it was decided to replace 
the two CD units at two different locations with two electric 
pumps, connected in series, at the pond. This installation allowed 
us to obtain twice as much water at half the cost of operating 
the CD units. Each electric pumping unit has a capacity of 
1,000 gpm at a 230-foot head and is coupled to a 100-hp motor. 

In order to lay the 2'% miles of 8-inch pipe along the side 
of the road, it was necessary to obtain permission from the towns 
of Berlin and Southington. The city of New Britain had to carry 
additional insurance, in order to protect the Continental Can 
Co., the town of Berlin and the town of Southington. 

Hart’s Pond #1 was used by a fishing organization, and the 
city had to agree to stop pumping in case the pond was lowered to 
a point where it would become dangerous to fish life. This low 
point was to be determined by the Connecticut State Fish and 
Game Association. 

With the installation of the electric pumps at Hart’s Pond 
#1 it was decided to install the two CD pumps at Hart’s Pond 
#2. The two pumps were moved, and another 2!% miles of 8- 
inch pipe were obtained and laid along wood roads and through 
the woods, discharging into the East Canal. 

Many offers of help were received and they all had to be 
investigated. Most of the offers proved of little help, but one offer 
of a well was worth using. This well was in a quarry and was 
reputed to deliver 350 gpm. The only pipeline anywhere near 
this well, connecting with our system, was a 36-inch transmis- 
sion line under construction. Fortunately a hydrant was to be 
installed across the road and about 500 ft away from the well. 
It was decided to connect to the 36-inch line at this point. In 
order to allow the contractor to continue work on the 36-inch 
line, it was necessary to install a 30-inch valve. The 30-inch 
valves were not due for delivery for several weeks, but with the 
cooperation of the valve company a valve of the kind called for 


. 
4 
4 
4 
4 
t 


GEORGE W. WOOD 21 


was located in New Jersey. This valve was installed and a con- 
nection made at the hydrant location. 

The well was equipped with a deep-well pump, capable of 
delivering 350 gpm into an 11,000-gal open tank. The operation 
of the well pump was controlled by a float valve in the tank. The 
city purchased a 350-gpm pump with a 35-lb discharge head and 
connected it to the 11,000-gal tank. A low-water cut-off was 
installed, to protect the unit. This installation was very successful 
and really produced 350 gpm day after day for about 60 days. 

The fifth emergency connection was the connection to the 
Plainville Water Co. There was an existing connection between 
the two systems, but, in order to get the water from their system 
to ours, it was necessary to make some changes in the piping 
and to install a 700-gpm pump, discharging against a head of 
100 ft, coupled to a 25-hp electric motor. At this installation 
we were limited to 500,000 gpd, obtaining this quantity between 
the hours of 8:00 PM and 7:30 AM. 

The sixth and last emergency supply was the connection to 
the Hartford Metropolitan District. This connection required the 
use of about 2,100 ft of 8-inch steel pipe to tie in the two sys- 
tems. A 1,000-gpm pump, discharging against a head of 230 ft 
and coupled to a 75-hp motor, was installed. 

These emergency supplies, coupled with a substantial de- 
crease in consumption, enabled us to pull through until December, 
when abnormal rainfall eased the situation considerably. The 
precipitation in January continued above normal, and the result- 
ing run-off brought the supply back to the point where restrictions 
could be lifted and the emergency supplies shut down. 

About 530 mil gal of water were delivered by these emer- 
gency supplies. In order to get the 530 mil gal, it cost the depart- 
ment an additional $106,000. The decrease in consumption 
produced a further loss of about $65,000 in income. 

The experiences of this past year could be considered a bless- 
ing in disguise. The public is now very much aware of the 
necessity of increasing the supply and has been clamoring for 
action. A consulting engineering firm has been retained to make 
a complete study of the needs of the city as regards water, and 
this firm has promised a complete report for about March Ist. I 
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certainly hope that action on the report will be taken and addi- 
tional source of supply will be developed. 

I cannot close without expressing thanks to all the indi- 
viduals and agencies that made their services available to us and 
cooperated so completely. 
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PUMPING PROBLEMS IN 
WORCESTER, MASSACHUSETTS 


BY CHARLES B. HARDY* 


[Read March 20, 1958.] 


The city of Worcester uses about 8'% billion gallons of 
water each year. The supply consists of ten storage reservoirs, 
which have a total capacity of 734 billion gallons. Nine of these 
reservoirs, holding 6! billion gallons, are so situated that the 
water flows by gravity into the distribution systems. Yet in 1957, 
more than 70% of all water used was pumped at least once, 
and some of it as many as three times. 

Normally the percentage pumped would be much lower. It 
was only 33% in 1956 and 30% in 1955. For the past ten years, 
it has averaged 40%. 

Worcester has many hills, and it varies in elevation above 


sea level from a low of 359 at Lake Quinsigamond to a high of 
1,056 in West Tatnuck. Moreover, the hills are not concentrated 
in any one section of the city, but are spread around from 
boundary to boundary. In general, the highest hills are in the 
northwest section. This great variation in elevation has led to the 
development of three separate water-distribution systems, known 
as the Low, High, and Super High. 


THE HIGH SERVICE SYSTEM 


. The High System is supplied from a distributing reservoir 
known as Lynde Brook, situated in the Cherry Valley section 
of Leicester (see Figures 1 and 2). The flow from a series of 
four Kettle Brook Reservoirs, located in the next valley to the 
west, is also diverted into this reservoir. Even though all five of 
these nearly always fill each spring, the amount of water available 
has not been sufficient for the demands on this system for many 
years. The safe yield of this watershed has been estimated at 
3.5 mgd, while the present demand on the system is 13 mgd. 


*Superintendent. Bureau of Water, Worcester, Mass. 
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PUMPING PROBLEMS IN WORCESTER 


THE Low SystTEM 


The distribution reservoir for the Low System is located un 
Tatnuck Brook just north of the Worcester-Holden Line, * * is 
known as Holden Reservoir #2. Above this, and supplying tre 
Holden Reservoir #1, which was the first one constructe on 
this system, Kendall Reservoir, and Pine Hill Reservoir. The 
two Holdens and a part of Kendall are on the Blackstone River 
watershed. Theslarger part of Kendall, including the dam and 
spillway, and Pine Hill are on the Nashua River watershed. The 
water from Pine Hill is normally discharged through a brook and 
canal into Kendall Reservoir. However, it can be wasted directly 
into Asnebumskit Brook, if desired. Kendall Reservoir over- 
flows into Asnebumskit Brook also. These waters flow through 
Eagle Lake into the Quinapoxet River and on into the Metro- 
politan Wachusett Reservoir. 

Pine Hill is the largest reservoir, with a storage capacity of 
2,971 mil gal, but it has a watershed area of only seven square 
miles. The records show that there have been ten years since 
1928 in which this reservoir failed to fill completely. But Kendall 
«> the two Holdens, with a combined watershed area of 7.68 sq 
mi, have a total capacity of only 1,778 mil gal and often spill to 
waste. 

The safe yield from this system has been estimated at 
11 mgd, and the present demand is about 10 mgd. 


WACHUSETT PUMPING STATION 


Back in 1911, before Pine Hill had been built, and while 
Kendall was under construction, the city was faced with a serious 
threat of a water famine early in the summer. Various emergency 
measures were taken, which carried the city through the fall. A 
wooden flume carried the water of Asnebumskit Brook across the 
Kendall Basin. Water from Eagle Lake was pumped into this 
flume also. But the decision to take water from the Wachusett 
Reservoir had the more lasting effect. 


That the situation was really desperate may be judged from 
the action taken by the City Council. On August 14th, it au- 
thorized the Mayor to secure a competent consulting engineer 
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“upon terms as may in his judgment be expedient.”’ The Council 
then ordered that “The Consulting Engineer, under the direction 
‘of the Mayor, be and he is hereby authorized, empowered, and 
requested to lay the necessary pipes and connections, and to 
erect and equip a pumping plant of suitable capacity, and do all 
other necessary things, in order to procure for the City of Worces- 
ter an emergency water supply from the Metropolitan Water 
Basin, etc.” 

The Mayor immediately hired Charles A. Allen, who had 
agreed to undertake the control of the construction, on the condi- 
tion that the Council should give him absolute authority. On 
August 15th he hired Stone & Webster to build the pumping 
station on a cost-plus basis; ordered three pumps; made an agree- 
ment for electric power; ordered the cast-iron pipe and fittings, 
and sent letters to several contractors, requesting proposals for 
the laying of the mains. 

The station was located in West Boylston on the shore of 
the reservoir, near the intersection of Temple and Hartwell 
Streets. A 30-inch cast-iron main was laid along Hartwell St. 
to Burncoat St., and in Burncoat St. to Mountain St. East, a 
distance of 11,425 ft. Approximately 550 ft of 24-in. cast-iron 
pipe were laid in Mountain St. East from Burncoat St. to West 
Boylston St. While this work was being done by contractors, the 
Water Department crews were laying some 10,000 ft of 16-in., 
20-in., and 24-in. reinforcing mains from the Summit towards 
the city. 

On October 28th, just eleven weeks after construction was 
started, and after the plant had been tested for four days, Mr. 
Allen turned it over to the Water Department. 

After all this effort had accomplished a most remarkable 
feat of construction, the fall rains came in such quantity that 
no pumping was needed. However, the station was operated for 
two weeks anyway. 

This first station had three 4-stage centrifugal pumps, rated 
for 2 mgd against a head of 550 ft, made by the Alberger Pump 
Co. It was found that one pump would deliver 3 mgd, 2 pumps 
about 5 mgd, and 3 pumps between 6 and 7 mgd. The pumps 
were installed in a deep pit, as the water in the reservoir was 
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low, and were belt-driven by motors located above the high-water 
mark. 

Where the 30-inch pipeline passed through privately owned 
property to: cross under the Worcester-Nashua Railroad, tem- 
porary easements were taken for a year. These easements are 
still being used, and annual rentals are paid to the owners, 
although some of the properties have changed hands several times. 

The station was used again in 1915 for a period of only two 
weeks, and then in 1917 it was dismantled, and the building 
removed. It was rebuilt in 1923 and used in 1924, 1925, 1926, 
and in 1930 and 1931, and was then dismantled. 

In the fall of 1941 it again became necessary to take water 
from Wachusett. A new building was erected on the site of the 
original pumping station. The three belt-driven pumps were 
installed, as in the past. In addition, two new Dayton-Dowd 
pumps were purchased and installed. This necessitated the con- 
struction of two more suction lines. The station operated from 
October 30, 1941, to February 4, 1942. 

In 1945, Wachusett Reservoir filled for the first time in several 
years, and as most of our equipment was below the high-water 
level, it had to be removed. With the filling of Quabbin Reser- 
voir, it became unlikely that Wachusett would be lowered more 
than 15 ft from high water, which meant that our pumps could 
be set above the high-water mark if and when needed again. 
Consequently, all the old building on the lower level was re- 
moved, and the old belt-driven pumps, motors, belts, starters, 
transformers, etc. were sold. The next year, the suction lines 
were raised above the high-water mark and capped, and the pump 
pits were filled with gravel. 

The station was again placed in operation in 1949, The 
building was enlarged somewhat, so that it now encloses the 
discharge main header as well as the pumps. The building is wood 
frame, covered with novelty siding, with a tar and gravel roof. 
A third pump, similar to the two obtained in 1941, was purchased, 
and all three were set on concrete !:ases just above the high- 
water mark. 

The equipment now consists of three Dayton-Dowd, or Peer- 
less, pumps, rated at 2.5 mgd against a head of 550 ft, direct- 
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connected to General Electric induction motors of 300 hp, 
operating at 2,200 volts. Each unit has a G. E. magnetic switch 
and a G. E. drum controller. Each pump case is connected to a 
vacuum system, operated by a Nash Hytor pump. Chlorine is 
introduced to the suction intake of the pump, the amount being 
regulated by an Everson chlorinator, manually set for the re- 
quired rate. A Venturi meter measures the flow. 

The only trouble experienced with the present set-up was an 
occasional tripping of a magnetic switch. Excessive heat was 
caused by a combination of overloading a motor and the summer 
sun on a black, flat-roofed, low-ceilinged structure, with insuffi- 
cient ventilation. With the reservoir nearly full, the head on the 
pump was enough lower than the head for which the pump was 
designed, so that the pump overloaded the motor. This was 
temporarily remedied by partially closing the gate valves on the 
discharge lines, so that the motors were not overloaded, and by 
installing large floor-type electric fans to circulate the air in 
the building. 

This station was used in the falls of 1950 and 1953. In the 
summer and fall of 1955, one unit was operated to maintain 
pressure in the High Service System, although there was plenty 
of water in the Worcester reservoirs. 

In 1956, Pine Hill Dam, which is a concrete structure, was 
given a surface-repair treatment, and the reservoir was practically 
emptied. The spring 1957 run-off failed to fill it by 1,200 mil gal. 
This condition, followed by a record dry summer, made it neces- 
sary to go to Wachusett again. This station was operated from 
the middle of August until December 27th, and 874 mil gal of 
water were pumped into the High System. The water cost $80.00 
per mil gal. The power cost, including the demand charge for 
eleven months following shutdown, was $58.00 per mil gal. The 
cost per kilowatt-hour came to 23.6 mills. Labor, chlorine and 
other costs amounted to $2.50 per million, making the total cost 
$140.50 per mil gal. When this is compared with the $20.00, 
which is the cost of water from our own reservoirs at the point it 
enters the system, it is rather expensive water. 

However, the city is very fortunate to be in a position to 
obtain such a supply when needed, on such short notice. The 
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Metropolitan District Commission and its engineers have been 
most helpful, and their cooperation is sincerely appreciated. 
Table 1 presents data on the water pumped from the reservoir 
of the M.D.C. from 1911 to 1957. 


TABLE 1.—WATER PUMPED FROM THE METROPOLITAN RESERVOIR 


Price per 
Year Dates Days Gallons mil gal 


1911 Nov. 11 19 62,470,000 $29.00 
1915 r. Nov. 18 18 46,800,000 29.00 
1923 r. Nov. 30 10 38,000,000 40.00 
1924 fs Dec. 23 53 240,000,000 40.00 
1925 Feb. 24 55 251,800,000 40.00 
1925 , Dec. 31 184 690,500,000 
1926 Nov. 27 55 258,600,000 
1930 : Dec. 31 163 873,200,006 
1931 Jan. 15 15 73,100,000 
1941 : Dec. 31 63 426,600,000 
1942 Feb. 4 35 277,700,000 
1949 Dec. 31 81 425,000,000 
1950 Dec. 5 134 785,300,000 
1953 Nov. 27 71 206,760,000 
1955 ps Oct. 29 109 291,100,000 
1957 ; Dec. 27 134 874,030,000 


SUPER HIGH SYSTEM 


As far back as 1915, plans were made for a third water 
system, to serve the highest hills in West Tatnuck and the 
northern part of the city. Construction was not started until 
1921, when a 12-in. cast-iron main was laid in Pleasant and Bailey 
Streets to the top of Howland Hill. This is the highest point in 
the city and is located at the junction of Worcester, Leicester and 
Paxton. A covered concrete reservoir of 50,000-gal capacity was 
constructed here at an elevation of 1,050. A small pumping sta- 
tion was built on Pleasant St., and water was transferred from the 
High Service System to the Super High System. 

This served until 1940, when the system was greatly ex- 
panded under W. P. A. projects. The Howland Hill Reservoir 
was enlarged by 200,000 gal, the total storage becoming 250,000 
gal. A new pumping station was built on Tory Fort Lane. This 
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system has been extended so that now it not only serves West 
Tatnuck and the Airport, but also reaches eastward to Moreland 
Street Heights, Winter Hill and the Brattle St. area. 

The pumping station was designed to be in keeping with 
houses in the residential area in which it is located. There are 
two 1,000-gpm pumps, driven by 150-hp motors, and one 200- 
gpm pump with a 40-hp motor. The pumps are designed to 
operate against a 395-ft head. The intake is from the 48-in. Low 
Service main. The station is fully automatic, the pump operation 
being controlled by the depth of water in the Howland Hill Reser- 
voir. All controls are by Builders. 

There is also a connection to the fire-alarm telegraph system, 
so that a loss of power at the station, or either too high or too low 
water in the reservoir, is immediately noted in the Fire Depart- 
ment’s alarm station on Park Ave. The operator there notifies our 
Yard Office. 

The system has a pressure slightly higher than that in the 
system of the town of Holden, and is connected to it in a meter 
vault on Holden St. at the town line. Holden has served us several 
times when we had trouble on our line. Last fall, when Holden’s 
supply was critical, our system served a section of Holden having 
about 275 homes, for a period of several months. 

This system delivered 84,437,300 gal in 1957 at a power 
cost of $51.00 per mil gal. The cost per kilowatt-hour was 
23.7 mills. 

BEAVER BROOK PUMPING STATION 


As the city expanded to the north and west, the demand on 
the High Service System grew to be greater than the supply. 
Therefore, in 1927 a pumping station was built on Chandler St. 
near Beaver Brook, for the purpose of transferring water from 
the Low Service System to the High Service. The station was 
built by Stone & Webster and has a capacity of 6 mgd. There 
are two units, each consisting of an Allis-Chalmers pump, rated 
at 2,100 gpm against a head of 144 ft, directly coupled to a 
General Electric induction motor of 100 hp operating at 440 volts. 

In 1945, the original transformers and starting equipment 
with open bus bars were replaced with a single transformer and 
Cabinetrol units by General Electric. The installation of electric 
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clock-controlled switches permitted automatic operation. The 
savings in payroll paid for the installation in less than two years. 
This station is also connected to the fire-alarm telegraph 
system, and the operator at headquarters is warned if the electric 
power fails. 
Since 1955, this plant has been kept on a stand-by basis for 
emergency operation only. 


QUINAPOXET PUMPING STATION 


Although the completion of Pine Hill Reservoir in 1924 
increased the total storage capacity by over 90%, the city had 
already started looking for an additional supply for the future. 
A State commission had been studying the question of an in- 
creased water supply for the Metropolitan District Commission, 
and for Worcester, for several years. In 1923, it recommended 
taking the Ware, Swift and Millers Rivers. Worcester was well 
represented on this commission, which in 1926 presented a plan 
calling for a reservoir on the Ware River at Barre Falls. This 
would have furnished Worcester with a gravity supply sufficient 
for 50 years. This failed to pass the legislature, and the compro- 
mise bill which was adopted allowed Worcester to pump water 
from the Quinapoxet River. While the original bill had certain 
- restrictions on the amount of water that could be taken, these 
have been removed by subsequent legislation, so that the city 
now has the right to all waters of the Quinapoxet River above a 
point at or near elevation 708. For these rights, the city paid 
the Metropolitan District Commission the sum of $1,000,000. 

The development of this supply was started in 1930. A 
natural pond had been enlarged by the construction of a small 
dam many years ago, for the production of ice. This property was 
taken by the city, and a pumping station was constructed. The 
building was located so that it was immediately available for 
taking water from the existing pond, as well as from the reservoir 
to be constructed later. 

There are two pumping units. Each is a Warren pump, rated 
for 7,700 gpm against a head of 141 ft, directly coupled to a 
Fairbanks-Morse synchronous motor of 350 hp, operating at 
2,200 volts. The pumps are primed by means of a Nash vacuum 
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pump. A Venturi meter measures the flow of water, which then 
passes through a 36-in. steel pipeline about three miles long into 
Kendall Reservoir. 

The construction of the dam and reservoir in 1952 and 1953 
was described in a paper read to this Association on February 18, 
1954, by Charles E. Cannon* of the firm of Metcalf & Eddy. The 
total cost of this development to date has been approximately 
$2,750,000. 

In 1957, Quinapoxet furnished 2,647.73 mil gal, or about 
32% of the city’s total consumption. The power cost was $8.38 
per mil gal. The cost per kilowatt-hour was 15.1 mills. 


WeEstwoop HiLt_s PUMPING STATION 


In the fall of 1934, the city took over the property and opera- 
tion of a small installation, which had been made by a real estate 
developer to supply a few houses on the top of a hill in an ex- 
clusive residential area. The pumping station is a concrete vault 
set into the side of a hill. It contains two 1!4-in. Deming Muller 
pumps, each driven by a 5-hp motor. Each pump has a capacity 
of 100 gpm and discharges into a 1,000-gal pressure tank from 
which a 4-in. supply main runs to the top of the hill. The suction 
is from a high-service main. A Brummer twin-cylinder air com- 
pressor keeps compressed air in the top of the pressure tank. The 
entire operation is automatic. Although the station is checked 
every day, twice in the past 16 years the controls have failed, 
and the 14 customers have received compressed air instead of 
water. This can be most disconcerting, as the air is mixed with 
very rusty water. 

This is a very small operation, as the station handles only 
two or three million gallons a year, but the troubles that go with 
it exceed those of the larger plants. The revenue from the water 
sold does not cover the cost of operating the station, but the cost 
of connecting this area to the Super High System wouid be 
excessive. 

OLEAN STREET PUMPING STATION 


The ever increasing demand for water on the High Service 
System reached the point where it could not be adequately satis- 


*This Journat, 69:2, 119, June, 1955. 
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fied by the supply from Lynde Brook Reservoir, together with 
the 6 mgd being transferred from Low to High at the Beaver 
Brook Station. At periods of peak consumption, some areas were 
without water for several hours a day. 

In July, 1949, the firm of Metcalf & Eddy was engaged to 
review the problem and to submit recommendations and cost 
estimates. The means proposed for remedying the situation 
called for the construction of a new pumping station near the 
Holden Reservoirs, a transmission main from here to the northern 
part of the city, and the erection of three steel distributing reser- 
voirs. The estimated cost was $1,270,000.00, exclusive of land 
damages. 

The proposal was approved by the city, and the engineers 
prepared plans and specifications. It was decided to proceed 
immediately with the construction of the standpipe on Millstone 
Hill and the necessary connections, but to defer the balance of 
the proposed construction until the Quinapoxet Reservoir project 
was completed. The Millstone Hill tank was 80 ft in diameter 
and 40 ft high, with a capacity of 1.5 mil gal. The overflow was 
about 5 ft lower than Lynde Brook Reservoir. It was erected 
by Pittsburgh-Des Moines Co. and was placed in service in 
July, 1951. 

It was not until November, 1954, that contracts were signed 
for the construction of the pumping station, transmission mains, 
and steel reservoirs on Indian Hill. 

The pumping station was located a short distance below 
Holden Reservoir #2 on the Worcester side of the Worcester- 
Holden line. 

A 30-in. cast-iron line had been constructed about 1902 
from Holden #1 Dam through the Holden #2 Basin, to keep the 
water supply free from contamination during the construction 
of the #2 Dam. Since this line was no longer in service, it was 
put to use as the suction main for the new pumping station, ad- 
vantage being thereby taken of the higher elevation of Holden 
#1. As flow tests made in 1949 had shown that the Hazen- 
Williams coefficient was down to about 60, a contract for cleaning 
and lining was let to the Centriline Corp. After this work had 
been done, a test showed that the carrying capacity of the line 
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had been more than doubled. A suction connection to the 48-in. 
main from Holden #2 was also provided for emergency use. 

The transmission mains consisted of 14,450 ft of 36-in. steel 
pipe and 6,000 ft of 30-in. steel pipe. The pipe was %¢ in. thick, 
lined with coal-tar enamel, wrapped, and in 40-ft lengths, joined 
with Dresser couplings. The contractor was Johnson Bros. of 
Auburn, Mass., and the pipe was made by Bethlehem Steel Co. 

Two covered steel reservoirs, similar to the one on Millstone 
Hill, were erected on Indian Hill by the Pittsburgh-Des Moines 
Co. These tanks were 90 ft in diameter and 26'% ft high, with 
the overflow about a foot higher than Lynde Brook Reservoir. 
The two tanks have a total storage capacity of 2.3 mil gal, and 
the connections are so arranged and gated, that either may be 
removed from service for repairs. 

The connections were a 16-in. cast-iron main down the 
north side of the hill to the existing distribution system, and a 
24-in. cast-iron main down the south side to the steel transmission 
mains and to the existing mains in New Bond St. and West 
Boylston Drive. A check valve in the 16-in. line prevents flow 
into the tanks from the north. An altitude valve and telemetering 
controls are in a pit on the 24-in. line. These connections, the 
tank foundations and the pumping station were constructed by 
the R. H. White Co. of Auburn, Mass. 

The pumping-station building is of first-class construction, 
with steel frame, reinforced-concrete floor, brick and tile walls, 
concrete slab and slate roof. An overhead traveling crane and 
hoist facilitates the handling of heavy equipment. The chlorine- 
equipment room and the chlorine-tank room are isolated from 
the pump room and have individual entrances from the outside. 

Unit #1 is a Warren pump with a rated capacity of 2,100 
gpm at a head of 100 ft, coupled directly to a 75-hp Westinghouse 
motor, operating at 2,300 volts. 

Unit #2 is identical to Unit #1. 

Unit #3 has a rated capacity of 4,200 gpm at a head of 120 ft 
and is connected to a 150-hp motor. 

Unit #4 has a rated capacity of 10,500 gpm against a head 
of 150 ft. It is directly coupled to a 500-hp wound-rotor motor, 
arranged for three-speed operation. 
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The water level in the Indian Hill Reservoir is measured, 
recorded and controlled by the following method: 


A 1-in. pipeline from each of the tanks is carried to an 
underground chamber at the northerly end of Hockanum Way. 
The water pressure in this 1-in. line actuates, through a mercury 
manometer tube, an electrically controlled transmitter. The 
signals are transmitted to the Olean Street Pumping Station 
through a leased telephone line. The receiver and control unit 
at the station records the water elevation and operates pumps 
Nos. 1, 2 and 3 on a pre-set cycle for both rising and falling water 
elevations in the reservoir. 

A Venturi meter records the rate and amount of pumping. 
Unit #4 is operated by manual control of electrical switch gear 
only. The chlorinating equipment and the telemetering, as well 
as the Venturi, are by Builders. The electrical switch gear is 
by Clarke. The building has automatic oil-fired hot-water heat 
and manually controlled, electrically powered ventilators. 

This station also is connected to the fire-alarm telegraph 
headquarters, and a signal is relayed there in the event of a power 
or pump motor failure, excessive high or low water in the Indian 
Hill Reservoir, or excessive high or low temperature in the 
building. 

The total cost of this project to date is approximately 
$1,500,000. 

During 1957, this station pumped 2,219,165,000 gal of 
water at a power cost of $8.68 per mil gal. The cost per kilowatt- 
hour was 21.87 mills. 


SUMMATION 


Worcester has pumping capacity at Quinapoxet, equal to the 
average daily consumption of the entire city. The new Olean St. 
station has a capacity of more than 15 mgd, or more than the 
average daily consumption on the High System. With Pine Hill 
usage held to an amount not exceeding an average year’s runoff, 
there should not be much need for further emergency pumping. 
However, it is nice to know that Wachusett is still nearby. 
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MICROSTRAINING AND OZONATION—PILOT-PLANT 
INVESTIGATIONS FOR TREATING A SURFACE-WATER 
SUPPLY AT DANVERS, MASSACHUSETTS 


BY ELSON T. KJLLAM* 


[Read March 20, 1958.) 


The water supply for the town of Danvers, Mass., comprises 
a surface supply, drawn from Middleton Pond, Swan Pond and 
Emerson Brook. 

Middleton Pond has a small watershed (1.36 sq mi), with 
386 mil gal of available storage, providing a high storage ratio 
of 283 mil gal per sq mi. The original supply from Middleton 
Pond has for many years been supplemented by storage in Swan 
Pond, lying approximately 4,000 ft west of the western end of 
Middleton Pond. Swan Pond has a negligible watershed (only 
0.2 sq mi), with 120 mil gal of available storage, or a storage 
ratio of 600 mil gal per sq mi. This water is pumped as required 
and when available to Middleton Pond. 

Following a dry period in 1949, which reduced residual 
storage in Middleton Pond to a critical level, the capacity of the 
supply was still further increased by diversion of Emerson Brook, 
with a tributary watershed of 4.3 sq mi. A pumping station was 
constructed at the site of a small diversion dam, and a force 
main was laid to deliver this supplemental supply to Middleton 
Pond during the period between November and June each year. 

Treatment is limited to coarse screening, fluoridization, pH 
adjustment with lime, and chlorination. The water is very soft 
and of excellent chemical quality, with an average residue on 
evaporation of 44 ppm, chlorides 4 ppm, hardness 16 ppm, and 
alkalinity 9.6 ppm. 

The watershed is sparsely inhabited, and from the standpoint 
of purity as measured by absence of pollution, the supply is of 
desirable quality. The principal objection to the quality of the 
Danvers supply is color, which generally varies between 40 and 


*Hydraulic and Sanitary Engineer, 48 Essex St., Millburn, N. J. 


37 
x 
‘ 
: 
4 
> 


38 


MICROSTRAINING AND OZONATION 


90 ppm, or several times higher than the average color of Massa- 
chusetts supplies, and is particularly noticeable to consumers ac- 
customed to filtered water. 

Furthermore, as with most surface supplies taken from 
natural ponds, the periodic development of various micro- 
organisms has resulted in some objections from the standpoint 
of taste and odors, although this problem has in general been 
effectively controlled by treatment in the pond. Objections have 
also periodically been raised due to the presence of fine particles 
of sediment passing through the system. 

The State Department of Public Health conducted experi- 
ments in 1927 on both slow sand filters and filters loaded with 
ferric hydroxide, and at that time it was stated by Mr. Thorpe, 
then consultant to the Water Board, that: “It is absolutely safe 
to say that filtration of one of the above described types will 
provide a water of excellent quality when using the combined 
supply, i.e., Middleton Pond and Fmerson Brook.” It was then 
estimated that the cost of slow-sand type filters of 3-mgd capac- 
ity, together with low-lift pumps and other appurtenances, would 
be $130,000, with the cost of rapid sand filters estimated at ap- 
proximately $90,000. 

In 1938 experimental coagulation tests were made and plans 
prepared for a rapid sand filtration plant with a capacity of 
3 mgd and an estimated cost of $145,000. An application for 
Federal funds was approved by the government, but when the 
project was submitted in a referendum it was not approved by 
the town. 

In 1948 the Welsbach Corp. set up its mobile pilot plant at 
Middleton Pond, to study the effect of ozone treatment on color, 
taste and odors. Although the pilot plant was small, the work 
was carefully conducted, with approximately 100 test runs over 
a period of three months, and with initial color varying from 55 
to 70 ppm. The application of ozone varied from 1 to 10 ppm. 
In some of the tests high dosages were applied, for the purpose 
of obtaining a residual as an alternative to supplemental chlorina- 
tion. 

The reports indicated that with an initial color of 55 ppm, 
the application of 2 ppm of ozone resulted in a treated-water 
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color of 22 ppm, and the application of 4 ppm of ozone resulted 
in a color of 10 ppm. 

At that time the estimated cost of ozone facilities, based 
upon application of 7 ppm for 1.5 mgd, with an ozone-generating 
capacity of 88 lb per day, and with an installation of four 25-lb 
ozonators, was reported to be approximately $72,500. It was 
also estimated that the average energy consumption for generat- 
ing and applying ozone, including air compressing and drying, 
would be 12 to 14 kwh per lb of ozone produced. With an average 
dosage of 4 ppm, on the assumption that the concentration of 
algae and microorganisms was kept under control, this would 
represent a total consumption of approximately 425 kwh per mil 
gal, and with power at 1-34¢ per kwh, the electrical cost of 
ozone treatment was then estimated at $7.44 per mil gal. 

In view of the effectiveness of color reduction with ozone 
and the apparent low cost of construction and operation, as com- 
pared to rapid sand filtration, data relative to the earlier ozone 
water-supply installations at Whiting, Ind., and the large project 
then under construction at Philadelphia were reviewed, and 
serious consideration was given to this alternative. It was 
recognized, however, that the ozone treatment would not solve 
the problem of sediment, and it was furthermore felt that it 
would be advantageous to await the development of operating 
data and costs at the Philadelphia plant before arriving at a 
decision on this matter. 

Primarily as a result of a paper read before this Association 
several years ago, we became interested in microstraining as a 
possible supplement to ozone, by providing, in addition to the 
color removal effected by ozone, a method of reduction of 
microorganisms and sediment. 

As a result of various conferences, the town arranged to 
conduct a series of tests at Middleton Pond, using both ozone 
and microstraining. The necessary equipment was _ installed, 
the ozone facilities being furnished by the Welsbach Corp. of 
Philadelphia and the microstraining unit by Glenfield & Kennedy, 
Inc., through their local representative, G. R. Evans. The period 
of testing extended from July 13 through November 31, 1956. 

As in all pilot-plant operations, various objectives were 
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introduced, involving tests to explore possible maximum ranges 
of operation in order to establish performance under variable 
loadings. 

In further conformity with the usual pilot-plant operations 
with a temporary set-up of piping, valves, pumps and equipment, 
various interruptions not to be anticipated with permanent full- 
size units were encountered. Under such conditions it is inevitable 
that the test data reflect conditions which would not prevail in 
normal routine operation, and accordingly it is logical to assume 
that after the development of experience in the operation of full- 
scale equipment, results would be obtained reflecting appreciably 
higher efficiencies than indicated by the complete listing of all 
variables recorded during the tests (see Fig. 1). 


MICROSTRAINER 
Description 


The microstrainers, comprising a rotary drum screen, are 
very similar in appearance to vacuum filters. Microstraining 
involves the use as a filtering medium of a very finely woven 
fabric of stainless steel mesh, which is capable of matting on the 
surfaces thin “schmutzdecke,”’ which, with the fabric support, 
have very high flow ratings at low hydraulic resistance and are 
capable of retaining suspended solids of sizes still smaller than 
those of the already minute apertures in the fabric. 


Three fabrics have been used. The Mark O, the finest, has 
approximately 160,000 apertures per sq in., the Mark I 80,000, 
and the Mark II 58,000. The Mark O fabric was used in the 


tests. 


The mesh-encased revolving drum used in the tests was 
submerged to approximately 60% depth in a containing tank, 
with raw water entering the interior through one end and passing 
outward through the rotating mesh. A row of spray jets was 
located along the top of the drum, to dislodge deposited material 
on the drum interior as it passed the top of the rotation. This 
backwash was caught in a trough suspended at the top of the 
drum and carried to waste. 


. ra t i 
‘ 
: 


TOWN OF DANVERS WATER SUPPLY 


GRAPH SHOWING MICRO-ORGANISMS COUNTS ON MIDOLETON POND WATER BEFORE AND AFTER MICRO-~STRAINING AS OBTAINED 
BY THE LAWRENCE EXPERIMENTAL STATION MASSACHUSETTS DEPARTMENT OF HEALTH 


IN AREAL UNITS 


ORGANISMS 


MICRO- 


Vaveusr 


SUMMARY No. 


COMPLETE RESULTS OF 59 TESTS 


MICRO 


yee 


OF 


at 
' 
¢ 
| 
1 
=f 
' ! 
' 
' 
| 
1 
' } 
1 
! | 
' 
' 
' 
+00 - | 
‘ ~~ \ \ _- 
= 
SUMMARY Ne 2 
ERE TO PERIODS TO | 
ron vamous atasons 70 
FOR VARIOUS REASONS TO 
4 2020 MACHINE WHICH MOMMAL 
ave 
4 
’ 
al 


4 
fy 
: : 

4 
4) 

4 
‘ 

on 

3 

ae 


ELSON T. KILLAM 


Screen Loadings 


The test unit was 2 ft 6 in. in diameter and 2 ft 0 in. long, 
with a submerged area of 10 sq ft. The test flow varied from 98 
to 161 gpm, averaging 132 gpm, with consequent loadings of 10 
to 16, averaging 13.2 gpm per sq ft. 

Operating procedures were purposely varied, but average 
operations involved a drum speed of 1.5 rpm, peripheral travel 
of 11.8 ft per min, a head loss of 3.6 in., and a backwash of 8.9% 
of the raw-water volume at 20 psi pressure. A large proportion of 
the backwash volume discharged against the screen was recovered 
as screened effluent, with a net waste of approximately 2.8% 
Screen Efficiency 

The unit reduced average suspended solids from 4 ppm in 
the raw pond water to 2.6 ppm (36%), reduced average micro- 
organisms (total standard units) from 438 to 86 (80°), and 
reduced amorphous matter from 234 to 119 (49%). 

In relation to the removal of microorganisms, it is of interest 
to note that removal of asterionella varied from 20% to 100%, 
averaging 85°, while the removal of the other most prevalent 
type during the tests—namely, cosmarium—varied from 15% 
to 96%, averaging 45%. 


Backwash Waste 


An analysis of the waste water, carrying off the material 
deposited on the screen, indicated an average of suspended solids 
of 23 ppm, with 82% volatile; microorganisms of 2,700 total 
standard units and an average amorphous matter of 290. 

zone Unit 

Test facilities for ozone treatment included an ozone gener- 
ator, producing '4 to one pound of ozone per day, an air com- 
pressor, and a diffusion column 18 ft high and 6 in. in diameter. 
The rate of flow through the column averaged 4.7 gal per 
min, with a detention of 5.6 min and a velocity of 3.2 ft per min. 

The total air supply applied to the base of the column and 
introduced against downward flow averaged 0.36 cfm, or 0.077 
cu ft per gal. The flow through the diffusion column was equiva- 
lent to 29 sq ft per mgd, and the air supply equivalent to 50.3 
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cu ft per min per mgd. The air pressure at the compressor 
averaged 8 psi. 

The color of the pond water during the series of tests varied 
from 58 to 75, averaging 65 ppm. The color of the water after 
ozone application varied from 70 to 40, depending upon the ozone 
dosage which was set in various tests, ranging from as low as 
1.7 ppm to as high as 15.3 ppm, averaging 8.5 ppm. 

The application of ozone to pond water with an average 
color of 65 and final color, on the basis of selected normal tests, 
after preliminary runs and adjustments was as follows: 


Ozone application 
Final color (ppm ) 


35 
30 
25 
20 
15 
10 
The ph of the raw water averaged 6.7. After ozone applica- 
tion the pH range varied from 5.6 to 6.9 and averaged 6.1. With 
the application of 5 ppm of ozone, the pH was generally lowered 
from an initial value of 6.7 to a value after ozone treatment of 6.2. 
Laboratory analyses indicated that aeration of the effluent 
from ozone treatment restored the pH to approximately the raw- 
water value and created a further reduction in odor intensity. 
Odors in the water before ozone application included vegetable, 
grassy and earthy classifications. Odor after ozone application 
included vegetable, grassy and pungent. The average odor inten-, 
sity was 2.1 before and 1.4 after ozone treatment. 


MICROSTRAINING AND OZONE FACILITIES AS APPLIED TO THE 
DANVERS PROBLEM 


In recent years the consumption in Danvers has been subject 
te wide variations, with increasing ratios of maximum month, 
maximum week and maximum day with respect to annual average 
consumption. For this reason, in the application of this equip- 
ment to this specific problem, variable capacities were assigned 
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to different units, depending upon the convenience of future 
expansion. 
The units under consideration included the following: 


Microstraining 


Three microstrainers, 7 ft 6 in. in diameter by 5 ft long, with 
Mark O fabric, 1!2-hp motors, peripheral speeds adjustable up 
to 100 ft per min (4.25 rpm). 

This would involve a structure approximately 46 ft long, 
15 ft wide and 7 ft 6 in. deep below floor grade, providing space 
for three initial units plus one additional future unit. 


Ozone 

Ozone equipment included one diffusion tower, approximate- 
ly 18 ft in diameter and 20 ft high; three 60-lb generators; three 
compressors, each 90 cfm; one air cooler for 240 cfm, and one 
air dryer for 240 cfm. The layout also included two aerators, 
each 7 ft wide, 14 ft long and 10 ft high, and treated-water 
storage 32 ft by 32 ft by 6.5 ft deep. 


The space requirements for the ozone generators and ap- 
purtenances vary considerably with alternative types and arrange- 
ment. Space available in the pumping station of approximately 
24 ft by 36 ft, or 860 sq ft, was considered adequate for such 
equipment. 


SUMMARY 


The microstraining units are well constructed of selected 
materials, with indicated low maintenance and operating costs ac- 
companying very slow speeds and low power requirements. 

The test unit demonstrated effective reduction of suspended 
material and the more prevalent type of organisms, all of which is 
in line with the reported operating results of extensive installa- 
tions in England, where this type of equipment has been used for 
more than 10 years. The early installations were primarily for 
pretreatment in advance of slow sand filters, to increase filter 
capacity. In more recent years, the use has been expanded, and 
it has been recently reported that a total of approximately 100 
units is in service with variable purposes, including pretreatment 
ahead of slow sand filters, pretreatment ahead of rapid sand 
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filters, and as the sole means of filtration of both public and 
industrial supplies. Nine units are in service in connection with 
sewage and industrial-waste clarification. 

The application of ozone has been found entirely practicable 
and effective in reducing color to any desired amount. The 
performance and power requirements for production of ozone 
have been established in many years of operation at municipal 
water plants at Whiting and Philadelphia, and at numerous indus- 
trial installations. This method has a wide range of flexibility, 
and any anticipated variation in raw-water color can be handled, 
and any desired effluent color—at least down to 10 ppm or lower 
—can be readily secured. 

It is evident that in installations where filtration is unneces- 
sary from a standpoint of watershed pollution and the objective 
of filtration is primarily color removal and sediment and organism 
reduction, this alternative treatment, because of relatively low 
cot of construction and operation, wide flexibility, and economi- 
cal expansion of capacity, deserves careful consideration. 

The tests were arranged by Daniel McFadden, Town Manager, 
with microstrainer test unit and supply pump furnished by Glen- 
field & Kennedy, Inc., and the ozone equipment furnished by 
Welsbach Corp. The plant was operated by the Water Depart- 
ment, Vernon Russell, Superintendent, with Mr. Karonis in full- 
time attendance, assisted by my associate, Roland L. Wood. Mr. 
Evans of Glenfield & Kennedy and Mr. Colyer of Welsbach 
Corp. furnished valued suggestions in set-up and operation. 

Tests on the site were supplemented by extensive analyses 
and coincident valued assistance by the State Department of 
Public Health from their nearby Lawrence Experimental Station. 
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HISTORY AND OPERATION EXPERIENCES WITH 
WEST SPRINGFIELD WATER DEPARTMENT 


BY CARL M. JACOBSON* 


[Read April 17, 1958.] 


In the late 1800’s the town of West Springfield, Mass., was 
served by private water companies. The principal one, The West 
Springfield Aqueduct Co., was bought out by the town, when it 
set up the municipal supply in 1892. 

The original source of supply was the Darby Brook Reser- 
voir, commonly known as Piper Reservoir. It had a drainage area 
of slightly more than a third of a square mile and a capacity 
of about ten million gallons. It was used for water supply until 
1948, but in the later years it was used to supply only the Boston 
& Albany Railroad. After 1948 it was turned over to the Park 
Department for recreational purposes. In the flood of August, 
1955, the dam was topped and failure occurred. 

Shortly after the town took over the water system, a pro- 
posed development of Bear Hole Brook, by the construction of 
a 300-mil gal reservoir, having a safe yield of about a million 
gallons daily, was studied and recommended. However, no 
positive action was taken. When you think of engineers in 1895 
recommending a project of this size for a town with a population 
of approximately 6,000, you can see that they looked forward 
to providing for a town that would develop quickly with a good 
water supply. 

Shortages of water following the turn of the century resulted 
in the first development of Bear Hole Brook by the construc- 
tion of a low dam, filter and pumping station, together with 
another reservoir farther up the brook. The present Bear Hole 
Filter Plant is constructed on the same site, and the remains of 
the dam are now in the reservoir. This was put into service 
during 1907-1908, and the line used to pump to the 1-mil gal 
tank, near the site of the present 4-mil gal tank, is still in service. 


*Superintendent, Water Department, West Springfield, Mass. 
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The million-gallon tank was torn down in 1956 after approximate- 
ly 50 years of service. This was an open top, wrought-iron tank, 
built and erected by the Walsh Boiler Works of Holyoke. For 
the service it performed and the small maintenance that had been 
done, this was in good condition, but to place a roof on it would 
cost too much for the storage retained. 

The Bear Hole Reservoir was raised twice, until it contained 
about 57 mil gal and had a surface area of approximately 17 
acres. The Filter Plant and Pumping Station were also improved 
and enlarged upon from time to time. At the time of the August 
19, 1955, flood these were all destroyed in part or totally by 
the failure of the dam. This failure did not occur by topping, 
as in the case of Piper Reservoir Dam, but was due to some 
failure in the structure or subsoil. It was an earthen dam with 
timber core, and the earlier raising of it twice with additional 
cores, accompanied by the torrential rainstorm, may have un- 
covered a weakness in it. 

Bear Hole was and is now designed on a safe yield of 1.5 
mgd, but the filtration rate and pumping capacity are figured 
on approximately 4 mgd. The previous station many times 
filtered and pumped about 334 mgd and the present station will 
put out 4 mgd, if needed. 

Shortages of water throughout the years were prevented by 
purchasing water from the city of Springfield, from one of their 
transmission mains that passes through the town. During the 
flood when our supply collapsed, this was our only source of 
supply. And to quote Peter Karalekas, Engineer of Springfield 
Water Department, when informed of our plight, “We might as 
well sink or swim together.” Swim we did. The town was not 
without water during those trying days when both our sources 
of supply had failed. By the enlargement and improvements 
made since 1953, we doubt if we shall need to purchase water in 
the near future, but will maintain the connections for emergencies. 

Constant search and investigation have been carried on to 
augment the supply of water, ever since the town took over the 
water supply. Nearly all brooks and drainage areas within the 
town have been studied as to their possibility of supplying either 
ground or surface water. Also sources of supply outside of West 
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Springfieid, in Westfield, Holyoke, and as far away as the town 
of Montgomery, have been studied. 

The following statement made by Frank A. Barbour, Engi- 
neer to the Board of Water Commissioners in 1937, sums up the 
results of the many investigations very well: 

“Thus from the various efforts to obtain an additional supply 
during the past 30 years it may be concluded that no source of 
water of a significant and acceptable quality can be found within 
the limits of West Springfield, and that the Pond Brook area 
in Westfield is not available for use.” 

At about this time the investigation of Great Brook in West- 
field and Southwick began under Superintendent Theodore M. 
Beach. Test wells were driven and revealed very favorable soil 
conditions in the vicinity of the Westfield-Southwick line. The 
tests indicated the presence of a large quantity of ground water of 
excellent quality, with a hardness almost equal to Bear Hole. 
Passage of an act through the State Legislature to give West 
Springfield rights in this location was obtained. 

Further testing of the area was carried out and land pur- 
chased. In 1946 passage of a bond issue was obtained, with 
the result that development of wells and the laying of a 16-in. 
pipeline approximately seven miles long to the Bear Hole Station 
were started. Two 12-in. gravel-packed wells were put in to a 
depth of approximately 40 ft, and a 19-day test was run on 
these, delivering approximately one million gallons per day each, 
with very small draw-downs observed. The return of ground- 
water table took place within 24 hours after pumping ceased. 
The estimated drainage area of the field is about 23 sq mi, and 
proven capacity of the field between 8 and 9 mgd. 

When I took over as Superintendent from Theodore Beach 
in 1952, he had two of these wells in use and the third ready to 
be connected to the system. The wells were equipped with 10-hp 
pumps and motors with a low discharge head, providing approxi- 
mately 1 mgd apiece. In times of high demand the rate would 
drop in proportion to the friction loss, with the result that ap- 
proximately 2'2 mil gal were delivered to the clear-water well 
at the filter plant. From here it was repumped to the Roger Ave. 
tank and distribution system. The Southwick Well Field solved 
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the water shortage before the high-lift pumps, but the recurring 
problem of a small storage after pumping and the frictional losses 
in undersized mains for the growth of the town developed to a 
more acute stage. The study of this had begun while the well 
field was under development. A more detailed study was under- 
taken in late 1952 by Tighe & Bond, Consulting Engineers, 
Holyoke, Mass. The result of this study was a $1,300,000 ex- 
pansion program that was voted on in the spring of 1953. 

Coming into the department about two months before the 
retirement of the Superintendent and getting adjusted to a new 
system and town in the middle of a construction season are 
difficult enough, but when you add finishing-up of a well field 
and investigation of expansion program both in supply and distri- 
bution, and then, to top it off, you lose one-third of your filter 
capacity by a bank failure on the filter beds during the peak 
season, you become discouraged. With the help of loyal and long- 
term employees the Department went ahead and into the ex- 
pansion program. 

In August, 1955, as the final contracts of the expansion 
program were being brought to a finish, we were hit by a torren- 
tial rainstorm that caused more damage to this department, I 
believe, than the rest of the town together. In it we lost both 
sources of supply under waier from the weakening of earthen 
retaining structures. The Bear Hole Filter Plant and Pumping 
Station was destroyed by failure of our dam about 6 a.m., al- 
though during the night water was flowing above the brook banks 
in the rear of the station and may have caused some damage 
to filter beds before total failure. To illustrate the force of water 
as it passed through the station, there was a 2'4-ton truck 
parked outside, which was moved about 300 ft and turned around 
before being half-buried in the sand. A hydrant at the station, 
possibly knocked off by the truck, took up a good part of pumping 
from the well field. When this was cut off the line about five hours 
later, the tanks due to other pipeline breaks around town had 
been depleted to about 's of the designed storage. As we could 
not hold the tanks with the well-field production, and we did not 
really know what was operating there, because of flooded roads, 
help was asked from Springfield. 
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The following morning about 4 a.m., as we worked on one 
of the major distribution-system breaks, we heard reports that 
there was danger of the North Pond of Congomond Lakes 
breaking out. This occurred and flooded the well field and some 
of the equipment, besides taking out the bridges in the area, 
including a pipe bridge. Under emergency work conditions we 
were able to bring back into service 3 million of the 4 million 
capacity within two weeks. As a result of this flood, many leaks 
developed in the transmission main, as most of it had been under 
water at some time. 

In October of 1955 we had a second high-water condition, in 
which we saved the wells by erecting temporary earthen dikes 
around the stations, and the water came to within six inches of the 
top. 

The department now, with the completion of the reconstruc- 
tion of the Bear Hole facility, looks forward to being able to 
meet the demand and has a planned expansion of the well field 
and transmission main to town ready for the time when it is 
needed. 
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RAISING PLEASANT VALLEY RESERVOIR DAM AT 
BRATTLEBORO, VERMONT 


BY JOSEPH A. KESTNER, JR.* 


[Read May 15, 1958.} 


Brattleboro, Vt., is one of the pioneer towns of the Connecti- 
cut River valley and the only Brattleboro on this earth. Brattle- 
boro is popularly referred to as the “metropolis of southeastern 
Vermont” and “the place where Vermont begins.” It is located 
near Fort Dummer, the first settlement in Vermont, which oc- 
curred in the year 1774. Brattleboro derives its name from 
William Brattle, one of its founders. The town covers an area 
of approximately three square miles in the geographical heart 
of New England. It is on the eastern slopes of the Green 
Mountains, and elevations in Brattleboro range from 310 to 
1,760. There are 24 manufacturing establishments, employing 
2,000 men and 1,500 women, with an annual payroll of reportedly 
$8,000,000 per year and a production value of goods of 
$20,000,000 per year. The industry is diversified and manu- 
factures pocketbooks, organs, optical lenses, wood products, 
cleaning fluids, machine tools, farm supplies and various other 
items. 


I do not have to tell those who have visited Pleasant Valley 
Water Supply or those who have toured Brattleboro that this is 
a progressive municipality. The town water supply is but one 
evidence of its progressiveness. Prior to 1927 Brattleboro had 
town and village governments. In 1927, Brattleboro changed to 
a town form of government and has remained that way since. 
George F. Miller has been Brattleboro’s Town Manager for the 
past ten years. Justin Holden, former Brattleboro Water Super- 
intendent and Commissioner of Public Works since 1952, has 
served the town for 33 years. 


The water-supply history of Brattleboro parallels that of 
many other New England communities. It began as a private 
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water system in 1881, by the diversion of spring water to the 
present 3-' mil gal Chestnut Hill distribution reservoir. The 
spring source was gradually outgrown. Some years later the 
supply was increased by pumping water from West River with 
a stream-driven pump to the Chestnut Hill reservoir. Both sources 
were outgrown in the early 1900’s. 

In 1907 George E. Crowell, owner of the Brattleboro Water 
Works Co., made plans to expand the system, and Pleasant Valley 
Reservoir was mentioned as an important part of the future water 
supply. The site had been selected a few years previous to 1907, 
and 80 acres in the Pleasant Valley Reservoir area were pur- 
chased. Water rights on Stickney Brook, about two miles north 
of the reservoir, and on Sunset Lake, then known as Marlboro 
North Pond, as well as water rights on various streams in the 
locality, were acquired at this time. 

Sunset Lake is the most northerly body of water on the 
Brattleboro system, with a drainage area of 0.6 sq mi and a water- 
surface elevation of 1,450. Stickney Brook, a natural tributary 
of West River, is diverted into the Pleasant Valley Reservoir 
watershed. Its source is in Sunset Lake, and with its tributaries 
it has a drainage area of three square miles, exclusive of the 
Sunset Lake watershed. An intake dam on Stickney Brook, about 
1.9 miles downstream from the outlet of Sunset Lake, diverts 
water from this area through 10,000 ft of 12-in. main to Pleasant 
Valley Reservoir. The reservoir itself has a drainage area of 1.16 
sq mi. Thus at the Pleasant Valley Reservoir dam the total 
watershed area is 4.76 sq mi. 

In 1907 a 16-in. pipeline was laid from Pleasant Valley 
Reservoir to West Brattleboro, and the following year it was 
extended farther into Brattleboro proper. One must admit that 
this was a progressive water-supply development for private 
enterprise to build in the year of 1907. 

A newspaper article in the Vermont Phoenix of September 3, 
1909, indicated that experts of that day considered the water 
supply sufficient to meet the needs of a city of 50,000 persons. 
This was based on an incorrect watershed area of 15 sq mi. The 
article indicated that the average consumption of water at the 
time was 60 gal per day for every man, woman and child, but 
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that to be conservative the design for the Pleasant Valley Reser- 
voir was based on 100 gal per day per person, and it indicated 
that once Pleasant Valley Reservoir was filled, it would supply 
Brattleboro’s 8,000 people for 100 days, or more than three 
months, even though no water ran into the reservoir. The article 
stated, ‘t would seem that this Reservoir would give an in- 
exhaustible supply for both domestic and public use including fire 
protection.”’ It served the needs of Brattleboro well for a period 
of 45 years, and its original planners knew that the future 
capacity of Pleasant Valley Reservoir could be 120 mil gal. 
However, the reservoir constructed in 1909 with a lower dam 
held the capacity at spillway elevation 620.5 to 80 mil gal. 

I mentioned previously that the development of this supply 
was conceived about 1905. Work first began about 1907, at 
which time a controversy over the question of municipal owner- 
ship of the water system arose. Construction operations were 
suspended until the municipal ownership plan failed. The same 
question of municipal ownership occurred in the year of 1899 but 
on neither occasion became a reality. With municipal ownership 
a dead issue, the Brattleboro Waterworks Co. undertook con- 
struction of the original Pleasant Valley dam in 1909. It is 
reported that 500 lb of dynamite were used, and excavation 
totalling 10,000 cu yd was necessary for the construction. The 
dam was approximately 650 ft in length. It varied in height from 
30 ft to 4 ft along the corewall, which extended to solid rock 
throughout its entire length. At the lowest point the corewall 
was 10 ft in width, and the earth fill on the upper and lower 
sides of it was at an angle of 45°. These earth slopes would prob- 
ably gray the hair of present-day soil experts. The dam required 
approximately 40 tons of cement; the gravel used was taken from 
areas on the dam site, and the sand was obtained from a farm a 
short distance away. The construction cost was reportedly 
$40,000. The reservoir and 16-in. transmission main, constructed 
about 1909, served Braitleboro successfully for 45 years. 

In 1953 a second, 16-in. cement-mortar-lined, cast-iron trans- 
mission main, generally parallel to the original line with a total 
length of 17,300 ft, was constructed at a cost of $206,500. This 
transmission main was provided to maintain pressures during 
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heavy use and to eliminate Brattleboro’s dependence on a single 
transmission main for water supply. The old and new transmis- 
sion mains have frequent valved interconnections, to insure a 
dependable supply at all times. 

During 1953, Brattleboro had a very dry summer and fall. 
It became necessary to supply Pleasant Valley Reservoir with 
water from Sunset Lake. The normal rainfall for the months of 
June, July, August and September is about 16 in. for the Reser- 
voir area. During these four months in 1953 it was only one 
half of this amount. The dry spell continued until October 28, 
during which time the available water in Sunset Lake became 
exhausted when the lake level fell below the outlet pipe. During 
mid-October, 1953, the minimum runoff from the entire water- 
shed of 4.76 sq mi was approximately 450,000 gal per day, or 
only 92,000 gal per day per sq mi. Though there was no critical 
water shortage in Brattleboro, town officials were aware that the 
supply must be increased. 

A study was made of possible reservoir sites along Stickney 
Brook, upstream from Pleasant Valley Reservoir. A particular 
effort was made to locate a site upstream from the Stickney 
Brook intake dam, because it has a watershed nearly three times 
that of the Pleasant Valley Reservoir. Full use is not made of 
the runoff to the Stickney Brook intake, because it is limited by 
the capacity of the 12-in. diversion main connecting the Stickney 
Brook intake with the inlet of Pleasant Valley Reservoir. Due 
to the steep slope of Stickney Brook, a relatively high dam would 
be required for reasonable water storage, and no economical 
site for a reservoir was found above Pleasant Valley. The studies 
indicated that raising the height of the Pleasant Valley Dam was 
by far the most economical additional water storage. Preliminary 
studies indicated that 50 to 60 mil gal of storage at a cost of 
$150,000 to $175,000 could be provided by raising Pleasant 
Valley Reservoir water level ten feet. Preparation of contract 
plans and specifications for the proposed work was promptly 
authorized. 

To raise an existing dam, the first step is to study the original 
construction drawings. If there were any plans for the original 
dam, none could be found. Fortunately, Mr. Holden had preserved 
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photographs of the original construction and obtained a lengthy 
newspaper editorial from the Vermont Phoenix of September 3, 
1909, describing the dam and its construction with considerable 
technical detail. The article included the length of the dam, varia- 
tions in height and thickness of the corewall, and the fact that it 
rested on rock, material sources and other useful information. 
It gave the upstream and downstream earth slopes as 45°. This 
article plus the half-dozen photographs were the only sources 
of information on the existing dam. 

As Pleasant Valley Reservoir was the only source of water 
supply for Brattleboro, the quality had to be maintained during 
new construction. This meant that large quantities of earth fill 
could not be deposited along the upstream face of the dam, 
because such an operation would make the water turbid. The 
construction method had to be one that would leave the upstream 
face of the original dam relatively undisturbed. This eliminated 
the possibility of raising the corewall ten feet vertically and plac- 
ing earth embankment along both faces. 

The second proposed plan was a cantilever-type retaining 
wall just downstream from the corewall. This plan required fill 
along the upstream face. A one-on-one embankment slope was 
necessary, to avoid depositing considerable fill in the water. To 
overcome steep embankments and maintain water quality, the 
earth embankment and paved-face dam was designed (see Fig. 1). 
There were definite advantages in this type of construction. It 
offered the best means for making a water-tight joint between the 
existing corewall and the new construction. It placed a minimum 
load on top of the existing corewall, which was known to be of 
concrete without any reinforcement. The paved-face plan was 
similar in cost to the cantilever retaining-wall type of construc- 
tion, but eliminated the objectionable features. 

The reservoir area was planted in the early 1930’s with white 
pine. There was a substantial growth of good timber by 1953 
below the proposed water line. Before new construction got under 
way, a logger was engaged to do the cutting. The upper part of 
each tree, where the space between branches was 14 in. or less, 
was sold to the logger for $2.00 per ton, and he transported and 
sold it in a nearby area for bucket stock. The lumber from the 
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logs was salvaged for town use. The beautiful knotty-pine walls 
in the Town Garage offices are a small part of the salvaged 
lumber. Town maintenance crews burned the brush and scraps 
from the lumbering operations during the winter months. 

The contract for the project was awarded by competitive 
bidding to F. A. Tucker, Jr., of Rutland, Vt. The official starting 
date was July 13, 1954. Albert Spencer was Resident Engineer 
for Barker & Wheeler, Consulting Engineers, and Paul Trudeau 
was Construction Superintendent for Mr. Tucker. 

The dam has several interesting construction features, which 
I shall briefly describe. 

The spillway on the original dam had a length of 21 ft 
and was capable of discharging about 122 cfs, or approximately 
105 cfs per sq mi. The new spillway has a crest length of 87 ft 
10 in., and it is capable of discharging about 1,500 cfs, or about 
1,300 cfs per sq mi. Its capacity is about ten times that of the 
original spillway. The new spillway channel was proportioned 
for the spillway design flow, and in sections where it was not 
excavated in rock, the floor of the channel is paved with grouted 
riprap, to prevent erosion. 

The material for the dam embankment was obtained from a 
borrow area on the east side of the reservoir. It was a bank-run 
gravel with some loam content and good compaction qualities. 
It was necessary to pass all the fill material through a grissly 
or coarse bar screen, to eliminate the many stones larger than 
five inches in maximum diameter. 

The contract required that the entire borrow area be ex- 
cavated at not less than five feet below spillway surface, in order 
not to leave any shallow-water areas to promote algae growths. 

The embankment for the dam was placed in layers not ex- 
ceeding seven inches in thickness after rolling and was compacted 
by a sheepsfoot roller. Provision was made for a light wetting 
of the embankment material during placement, to keep the 
moisture content at an optimum level for good compaction. 

The existing dam. had a 16-in. cast-iron outlet pipe and a 
24-in. blow-off line leading from the intake tower through the 
embankment and corewall. The earth embankment for the raised 
dam would increase the fill over these pipelines by more than 
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20 ft, and these mains were enclosed in a reinforced-concrete en- 
casement from the existing corewall to the toe of the new embank- 
ment. The excavation for this encasement came at one of the 
deepest parts of the existing corewall, and it was necessary to 
expose the old corewall for a vertical height of about 30 ft. 
This provided our only first-hand look at the existing corewall 
with its “stepped-in” construction. Needless to say we breathed 
easier when the embankment was replaced immediately follow- 
ing the encasement of the outlet pipelines. 

‘Near the toe of the original dam, about 100 ft on each side 
of the intake structure, there were two springy areas on the face 
of the downstream embankment. These were investigated by 
hand excavation during construction, and the leakage was care- 
fully observed. We concluded there was no major channel of 
leakage through the old embankment. The two spring areas 
were backfilled with crushed stone and piped through the toe of 
the new embankment with six-inch cast-iron pipe and a small 
headwall at the outlet end. The amount of leakage from these 
two locations has not increased since the dam was raised. 

During the course of construction two cracks were found in 
the top of the corewall, as it was uncovered. These were ex- 
cavated on the downstream face but disclosed no major water 
leakage. Wedge-shaped pieces of concrete were poured, to form 
a buttress and seal the corewall cracks. 

One of the most unusual features of the dam is the joint 
between the old corewall and the new paved face (see Fig. 1). 
A great deal of thought was given to means for making a water- 
tight joint between the old corewall and the new paved slope. 
It was finally decided that this could best be accomplished by first 
cutting a slot about 11% in. wide along the entire 650 ft of the old 
corewall at a uniform depth of four inches. A concrete saw was 
rented for this purpose. The saw rental was only a nominal 
$18.00 per day, but the blades cost about $75. apiece. We thought 
the cost of blades would far surpass the machine rental, but 
the double cut for the 1'4-in.-wide slot was made along the entire 
length of the corewall with only two blades, one of which was not 
completely worn out. A '%-in. by 8-in., stainless-steel, type 302, 
mill-rolled and annealed, soft strip was placed in the slot. The 


i 

* 

{ 

; 


x 
= 
Z 
© 
~ 


ME c= 


77 


ONMLSIXNZ 


| 
| 

| 


AL OMY 


| 
= 


SHILA 


£1829 "7 


37 
z 
° yA = 
9 \ xe 
\.\ 
= 
| 
as 
aye 
~ 
: 
| 
a 
| 
eee 


58 RAISING DAM AT BRATTLEBORO, VERMONT 
stainless-steel plate came in 12-ft lengths and was welded to form 
a continuous barrier between the old and the new concrete. Half 
of the eight-inch-wide strip was fastened in the old corewall, by 
first supporting it with packed dry jute and then filling both sides 
of the slot with a sulphur-base water-pipe jointing compound. 
The upper four inches of the stainless-steel plate was cast in place 
on the cap portion of the slope paving. The stainless steel proved 
excellent for this purpose. It was stiff enough so that there was 
no danger of crushing while pouring concrete, as is the case with 
soft copper. The welding of the plates provided a continuous 
and durable water stop. For further watertightness, the cap over 
the old corewall was extended down at least a foot over the 
upstream corewall face, and underneath this, sand with one pound 
of Volclay per square foot was placed in a two-inch-thick layer 
before pouring the corewall cap. 

The junction between the corewall cap and the paved slope 
was made flexible, to provide for some settlement of the embank- 
ment. This was accomplished by placing a three-rib cellular 
water-seal longitudinally along the paved face, where the cap 
and paved slope join. The water-seal is a polyvinyl chloride 
plastic of cellular construction, to permit deflection. On the 
under side of the water-seal a half-inch by four-inch, premoulded, 
bituminous expansion joint was inserted, and a dowel wrapped 
with tarpaper was used, to permit some movement but keep the 
joint watertight and in alignment. 

At 75-ft intervals along the paved face a similar type of 
waterstop and expansion joint construction was used (see Fig. 2). 
To provide for expansion, one-inch by three-inch, pressure- 
creosoted, soft wood lumber was inserted along sides of the 
cellular water-stop. Where the creosoted lumber was exposed on 
the upstream face of the dam, the space was filled with a bitumi- 
nous joint compound, to seal the lumber from exposure to water, 
and ice formation in the winter. 

The paved slope was constructed of 12-in.-thick first-class 
concrete, having a 28-day compressive strength of 3,500 psi. 
The concrete was transit-mixed, and air-entraining cement was 
used for all concrete exposed to the weather. The 12-in.-thick 
slope pavement was reinforced with '%-in. deformed bars on 
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eight-inch centers each way. The face of the reinforcement was 
located 2-'% in. below the surface of the paved slope. Dry riprap 
was placed in the area between the top of the embankment and 
the upper edge of the paved slope. To date no leakage has been 
observed through the new embankment, and the slope paving has 
remained in place without any visible settlement. 

The original wood structure on top of the intake was re- 
moved and used as the engineer’s office during construction. 
Valve-stem extensions were provided for the existing valves in 
the intake, and outdoor valve stands were provided. One new 16- 
in. valve was placed in the raised intake, to permit drawing water 
from a higher level. 

The downstream embankment face was topsoiled for a 
thickness of four inches, and was strip-sodded horizontally on 
ten-foot centers. There is still evidence of the strip-sodding. 
Vertical sod gutters were provided at about 23-ft centers across 
the face of the embankment. These were made saucer-shaped 
and three feet in width to provide drainage. The strip-sodding 
was pegged in place to hold it on the embankment. The areas 
between the strip-sodding were topsoiled to a depth of four inches, 
raked horizontally and fertilized with 7-7-5 (Nitrogen, phos- 
phorus, potash fertilizer), applied at the rate of 2 lb per 100 sq 
ft in the upper two inches of the topsoil. Grass seed was then 
applied at the rate of 10 lb per 1,000 sq ft, consisting of 40% 
timothy, 30% clover, 20% redtop and 10% domestic rye grass. 

Construction cost of the 60 mil gal of additional storage was 
$123,889.59. This is approximately $2,000 per mil gal of storage. 
It raised the total present capacity of Pleasant Valley Reservoir 
to 140 mil gal. 

The entire project was a pleasant undertaking. The town 
and the contractor cooperated fully from the beginning to the end. 
If all projects during an engineer’s career went as smoothly as 
this one, I am certain engineers would have few gray hairs and 
all live to a ripe old age. 

From humble beginnings as a private enterprise in 1881, the 
Brattleboro water supply has successfully served its citizens. It 
became a municipal system in 1924 after several unsuccessful 
public attempts to purchase the private system over a period of 
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35 years. It was acquired by the village of Brattleboro at a cost 
of $525,000. The water system became town-owned in 1927 
during consolidation of the village of Brattleboro with the town. 
Today the system has an original cost of $1,433,717 and a net 
book value of $1,086,200. The present bonded indebtedness of 
Brattleboro water system is $386,000. 
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LAKE WHITNEY SANITARY CONDITIONS IN 
RELATION TO CERTAIN LABORATORY 
EXAMINATIONS 


BY S. JACOBSON* AND E. L. MacLEMAN? 


[Read September 15, 1958.) 


Water works frequently are confronted with the task of 
maintaining sanitary conditions on their watersheds. Where 
there is scarcity of habitation and the outright ownership of a 
large percentage of the area, supervision may be fairly simple. 
There is now, and probably will continue to be, increased pressure 
for the release, either by development or by relaxation of control, 
of areas which in the past have provided a high degree of protec- 
tion for water supplies. As more acreage is developed, the prob- 
lems of maintaining a usable supply of water may become in- 
creasingly difficult. 

The maintenance of sanitary conditions on watersheds by 
water utilities and the enforcement of Health Department ordi- 
nances by local and state sanitarians provide water in as near a 
natural state as possible. All water-works operators are familiar 
with the greater effort required, the more a surface water deviates 
from its natural state. The difference in cost between merely 
adding chlorine as a protective measure and such additional 
treatment as coagulation, sedimentation and filtration is an im- 
portant economic factor. In the past, it was a simple matter to 
abandon a water requiring costly treatment in favor of more suit- 
able sources which were available. 

A program of laboratory control for untreated surface water 
is helpful in evaluating sanitary conditions, finding violations 
and assisting in the elimination of these violations at an early 
stage. In dealing with highly polluted waters, attempts to base 
conclusions on one type of analysis have been fairly successful. 
However, for potable water supplies, the variations are so slight 
in many cases and the possible variables so numerous, that results 


*Director of Laboratory, New Haven Water Co., New Haven, Conn. 
tAssociate Professor, Yale University, Winchester Hail, 15 Prospect St., New Haven 11, Conn. 
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must depend on combinations of physical, chemical, bacteriologi- 
cal and microscopic analyses (3), (14), (19). 

For water-plant operators there are other ways in which 
watershed sanitation through laboratory analysis can be of value. 
Determination of the agricultural, domestic or natural sources of 
eutrophicationi of lakes could assist in controlling their biological 
balance. As discussed by Hasler (8), eutrophication either 
natural or artificial, unless controlled, may not only limit, but 
eventually completely eliminate, the use of a body of water as a 
source of drinking water. Where there are no apparent signs of 
violations, particularly in surface supplies containing nutrients 
of non-sewage origin, large algal populations may develop. Ade- 
quate and timely treatment with copper sulfate is usually em- 
ployed to prevent the tastes, odors and turbidities or the reduction 
in filtration rates and runs caused by algae. Also the development 
of remedial measures to eliminate the sources would be desirable. 

Lake Whitney, located in Hamden, Conn., just north of 
New Haven and the oldest source of supply for the New Haven 
Water Co., is an excellent example of a reservoir for an intensive 
study. To obtain a potable supply, the water company owns 
the entire shoreline of the reservoir and much of the land along 
the tributaries, and in addition treats the water by slow sand 
filtration and chlorination. Present practice for Lake Whitney is 
to attempt to control algae through application of copper sulfate 
as required. 

The Lake Whitney watershed is the only one in Connecticut 
with a public sewerage system. A sewered area of 1.8 sq mi 
delivers to the New Haven treatment plants, while the sanitary 
requirements of the remaining 35.9 sq mi of watershed must be 
satisfied by means of subsurface drainage. The geology of the 
watershed is comprised mainly of Triassic arkose or sandstone 
overlain by a Pleistocene mantle of stratified drift and till, with 
a few areas of dolerite intrusive (1). Such a stratum will general- 
ly provide excellent treatment by subsurface drainage. However, 
it is well established that the conversion of organic matter into 
inorganic nutrient elements increases algae growths in receiving 
waters (19). Agricultural drainage, while not predominant, is 
also a factor that must be given consideration. 


t Fertilization. 
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PROCEDURES 


The chemical and bacteriological analyses used in this study 
depended on their relationship to domestic waste, possible signifi- 
cance in algae development, and suitability for routine analysis. 
All analytical procedures were in accordance with Standard 
Methods for the Examination of Water and Sewage, 9th Edition, 
unless otherwise indicated. The Most Probable Number of 
coliform bacteria per 100 ml (MPN) was determined by serial 
dilution, the Brilliant Green Lactose Bile Broth being used for 
confirmation. Chemical tests included nitrite nitrogen (N ), nitrate 
nitrogen (N) by the phenoldisulfonic acid method, chlorides (Cl) 
by the Mohr method, sulfates (SO,) by the barium chloride 
method with a Hellige turbidimeter, soluble orthophosphate (POs) 
by stannous chloride method, pH, alkalinity (as CaCOs), and 
acidity (as COs). Microscopic examinations for algae were 
based on standard areal units per 0.5 ml. 

The following list includes all stations (see Figure I) at 
which one or more samples were taken: 


1. Lake Whitney—Dam 

2b. Lake Whitney—Country Club Bridge 
2d. Lake Whitney—Webb Brook Culvert 
3. Lake Whitney—Waite St. Bridge 

4. Pine Swamp—Treadwell St. Bridge 
4b. Pine Swamp—Putnam Ave. Bridge 

6. Shepard Brook—Dixwell Ave. 

6b. Shepard Brook—Turner’s Pond 

7. Mill River—Whitney Ave. Bridge 

8. Mill River—Ives St. Bridge 

9. Mill River—Mt. Carmel Ave. Bridge 
9b. Eaton Brook—Whitney Ave. Bridge 
9c. Willow Brook—Willow St. Bridge 
9d. Mill River—Old Lane Road Culvert 


The six stations selected were those which it was felt would 
provide sufficient data. Lake Whitney is little more than an 
enlarged river (see Fig. I), a fact which made the choice of 
the Dam, the Country Club, and Waite St. logical. Mill River 
samples collected at Whitney Ave. provided a control on the 
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principal tributary. Pine Swamp at Treadwell St. and Shepard 
Brook at Dixwell Ave. provided information on the remaining 
tributaries with significant drainage. Additional sampling at the 
other listed stations indicated those selected to be representative 
and adequate. All samples taken were within a depth of one 
foot, with the exception of the Dam which was obtained from the 
intake, a cross section of the upper 10 ft. 


DISCUSSION OF DATA 


An inspection of the data for the entire period showed that 
in general most favorable conditions for the development of 
certain algae occurred at water temperatures above 60°F. A 
comparison of the averaged data above and below 60°F. is 
presented in Table 1. 


Microscopic Analyses 

Algae are dependent on direct autotrophic assimilation of 
nutrients. There is general agreement upon nitrates, phosphates, 
and carbon dioxide as being essential (5), (11), (17). Their 
development has been correlated with changes in pH, alkalinity 
and acidity. Temperatures are critical, with each alga having 
its own optimum range, while sunshine is a necessity for most 
algae. 

During the period of this study all observed algae were 
recorded and counted. Only the genera Anabaena, Clathrocystis, 
Scenedesmus, Pediastrum, Asterionella and Synedra which had 
sufficient counts will be discussed and are shown in Figures II 
and III. Over-all totals are illustrated on the curves at the end 
of the paper. 

Cyanophyceae 


Anabaena attained a peak count of 52,000 s.u. in Pine 
Swamp late in July, when the water temperature ranged from 
79° to 83°F. (see Table 2). A smaller growth of Clathrocystis 
varied similarly during the same period. The variation of the 
bloom tended to coincide with the phosphates; however, a late 
increase in phosphates could not revive the bloom once the 
temperature had fallen to 69°F., indicating the preference of 
these Cyanophyceae for water temperatures above 70°F. 
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Although influent nitrates as high as 4.5 ppm were observed, 
the low nitrate concentrations shown in Table 2 indicate con- 
sumption of this chemical by the algae. 

The occurrence of high phosphates, with low nitrates at the 
peaks of the Cyanophyceae counts, seems to indicate a more 
complete utilization of the nitrates when sufficient phosphate was 
present. Later high nitrates with inadequate phosphates, lower 
temperatures and less sunshine resulted in less growth. 

Cyanophyceae showed the same preference for alkaline 
water as noted by other investigators (6). These organisms were 
unable to bloom in the reservoir, due to lower alkalinity or to a 
greater sensitivity to copper sulfate, as shown in Figure 3 for 
Anabaena. 

Chlorophyceae 


The green algae, Scenedesmus and Pediastrum, occurred in 
significant numbers at the Dam, Club, Waite St. and Pine Swamp 
stations. Figure II shows the areal curves of these organisms at 
these stations. The environment was most favorable for their 
propagation in Pine Swamp; however, conditions for growth 
appeared to be more favorable in the lake stations, where the size 
of each organism was 1! to 2 times that found in Pine Swamp. 
Factors such as the addition of copper sulfate and a greater 
dilution by high flows lowered the counts at the lake stations. 

In Pine Swamp as well as at other stations significant counts 
of Chlorophyceae appeared at temperatures above 55°F., and 
counts were at a maximum when temperatures were above 80°F. 


Diatomaceae 


Diatom counts were composed for the most part of As- 
terionella and Synedra. Both of these organisms appeared in 
the lake mainly during the cooler periods (see Fig. III). 

In Pine Swamp Asterionella were recorded when the tem- 
perature was between 37° and 60°F., with highest counts at 
55°F. Similarly, at the lake stations counts were obtained over a 
temperature range of 35° to 67°F., with the best growths oc- 
curring between 49° and 55° F. 

Synedra appeared in Pine Swamp when the temperature 
variation was 41° to 72°F., with maximum growth at 60°F. 
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On the other hand Shepard Brook, the effluent from Turner’s 
Pond, had significant counts when the temperatures were between 
64° and 85°F., with the greatest growth at 85°F. This disagree- 
ment was probably because Shepard Brook had S. radians while 
Pine Swamp had S. pulchella. In the lake stations the tempera- 
ture range for all Synedra was 53° to 81°F., with best growth at 
64°F., indicating a mixture of the two species. The peak counts 
for this organism tended to coincide with the fall and spring 
turnovers. 

The summer growths of diatoms in Pine Swamp were small 
compared with that of Shepard Brook. This was due in all 
probability to shading by weeds and competition with other 
algal growths in the swamp. Diatoms are known to be sensitive 
to light, too much or too little sunlight hindering growth (19). 


Coliform Bacteria 


The MPN of coliform bacteria is useful in evaluating the 
sanitary quality of untreated surface water, if proper considera- 
tion is given to seasonal conditions, duration of storage, and the 
significance of coliform bacteria not of sewage origin (16). 


At the tributary stations during the period when the water 
temperatures were above 60°F., the average MPN’s varied from 
11,450 to 1,590, and in the cooler period they varied from 
1,205 to 945, indicating the diluting effect during a period of 
greater run-off. The effect of storage on average MPN’s is 
well illustrated in the lake stations. During the warmer period 
there was a decrease from 427 to 65 approaching the dam, while 
the reduced storage due to increased run-off in the cooler period 
resulted in a decrease from 1,230 to 274. 

Individual observations of MPN’s ranged from less than 
4.5 to 70,000, showing the sensitivity of this test. Observed high 
values in a tributary aided in the disclosure of a nearby sanitary 
violation. 


In the reservoir during periods with low flow, especially in 
warm weather, the self-purification by storage caused a decrease 
in the MPN’s of coliform bacteria and lessened the significance 
of the coliform test in evaluating sanitary conditions of the water- 
shed. During periods of high flow, the MPN was more significant 
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of sanitary conditions of the drainage area due to the com- 
paratively small storage capacity of Lake Whitney. 


Chemical Analyses 
Nitrate Nitrogen 


Nitrate nitrogen is well established as an excellent plant 
nutrient. It is produced by nitrogen fixation; it is present in 
commercial fertilizers and is found as an end product in the 
stabilization by oxidation of organic matter, including, for ex- 
ample, human waste (17). In water analysis high nitrates are 
generally indicative of past pollution. 

In Mill River there was an increase in the nitrate nitrogen 
from Ives St. to Whitney Ave., probably due to the effect of sub- 
surface drainage in the unsewered area. Mill River with its 
large watershed proved to be the main source of nitrates, although 
Shepard Brook, with its much smaller flow, showed a higher con- 
centration due to a sanitary infraction. 

An inspection of Table 3 shows a fair correlation between 
nitrates and flow. The degree of correlation is somewhat obscured 
by various factors, the main interference being summer algae. 
There was a general tendency for nitrate values to vary directly 
with the flow. However, prolonged high flows generally resulted 
in lower nitrates by flushing action. 

The greater portion of nitrate reduction in lakes may be 
attributed to various forms of aquatic life (5), (10), (11) and 
was quite evident in this study. It may be well illustrated by 
using the nitrate and algae figures for Whitney, Waite, and Pine 
as recorded in Table 1. 

At Whitney when no significani algae counts were recorded, 
the nitrate values were very close for both winter (0.83 ppm) 
and summer (1.03 ppm). Waite St. clearly shows the effect of 
the presence of algae. Counts rose from 30 standard units in 
the winter to 762 in the summer, while the nitrate value dropped 
from 1.09 to 0.04 ppm. The effect at Pine Swamp is even greater 
—algae counts rose from 420 to 6,090 standard units, while 
nitrates dropped from 1.82 to 0.09 ppm. 

In considering the summer values, a comparison of the 
figures obtained at Waite and Whitney also indicates the extent 
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TABLE 3.—VARIATIONS IN NITRATES AND FLow 


Avg. flow 
Survey at dam NO, — nitrogen (ppm) 
(mgd) 1. Dam 2b. Waite 7. Whitney 


12.6 é 0.40 0.70 
11.0 1.80 
14.4 : 1.50 

9.9 a 0.95 

8.2 1.20 
66.8 0.75 
165.0 0.90 
57.5 43 45 1.00 
32.8 0.60 
22.6 0.60 
136.2 Lg 0.20 
168.0 1.80 


31.1 0: 1.60 
47.7 0.96 
97.5 0.58 
108.4 0.72 
101.6 0.69 
81.9 0.28 
84.5 0.68 
58.5 iS 0.53 
66.1 0.80 
50.2 : 1.06 


2 
3 
4, 
4 
5 
5 
5 
6 
6, 
6 


to which algae consume nitrates. The areal counts rose from 
too few to count to 762 standard units, while the nitrates dropped 
from an average of 1.03 ppm at Whitney to 0.04 ppm at Waite. 
Pine Swamp, where influent nitrate values were as high as 4.5 
ppm, had an average value of 0.09 ppm and produced 6,090 
standard units of algae in the effluent. 


Graphs of the analyses of samples of water collected at six 
stations are presented in Figures IV to IX. 
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Chlorides 


Chloride concentrations in surface waters normally vary 
with the proximity to the sea and are fairly constant in a par- 
ticular area. They are of sanitary significance when affected by 
animal or human wastes. 

In Mill River the average concentration of chloride at 
temperatures greater than 60°F. increased from 3.5 ppm at Mt. 
Carmel to 4.1 ppm at Whitney Ave. and finally to 6.1 ppm at 
Waite St. At lower temperatures due to greater dilution, the 
chlorides were somewhat lower in Mill River, increasing from 
3.5 at Whitney Ave. to only 4.3 ppm at Waite St. Thus, the 
variation from normal chlorides for all stations on the watershed 
was slight, with the exception of Pine Swamp which was affected 
by agricultural drainage and discontinued tile fields. Pine Swamp 
samples showed an average chloride content of 14.3 ppm when 
the water temperature was high and algae were flourishing, as 
compared with an average of 17.4 ppm at lower, less favorable 
temperatures. 


Although relatively lower chlorides in Pine Swamp were 
accompanied by high algae counts, the use of chloride through 
direct assimilation was not apparent. The presence of substan- 
tial concentrations of chlorides in the relatively cleaner water of 
the other stations, which did not support an algae bloom, indicates 
that other factors were of greater significance. The chlorides, 
due to the relatively high normal value and the lack of sensitivity, 
were generally inadequate as indicators of sanitary conditions 
on this watershed. Even in Shepard Brook, where a sanitary 
infraction was observed, the chloride increase was not as evident 
as the increase in MPN and nitrates at the time the trouble 
occurred (see Table 4). 

Sulfates 


The sulfate content of a surface water is dependent upon the 
geology of the area and added wastes, including laundry wastes 
and the end products of sewage oxidation (4), (13). 

In Mill River and the reservoir, the concentration of sulfates 
did not appear to vary significantly. The variation of average 
values ranged from 8.1 to 10.7 ppm throughout the study. In 
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Pine Swamp and Shepard Brook the highest concentrations and 
the greatest variations were observed. High algae counts in 
Pine Swamp did not seem to affect the sulfate concentrations 
materially. During the warmer weather surveys, when algae 
counts were high the average sulfate concentration was 13.5 ppm, 
as compared with 15.4 ppm during the colder weather ( Table 1). 
In Shepard Brook a decrease from 12.2 ppm in the summer to 
9.7 ppm in the winter was probably due to the correction of a 
summer sanitary violation on the watershed. The natural sulfate 
content tended to interfere and reduced the value of sulfate as 
an indicator of sanitary conditions. 


Phosphates 


The phosphate content of reservoirs is affected by the rocks, 
sands, fertilizers, wastes and the decomposition of organic matter 
in the bottom sediment. Although phosphates are generally 
present in very small amounts, they have been shown to have 
considerable significance in water biology (2), (9), (18). 

With temperatures above 60°F. the phosphates at various 
locations in Mill River averaged between 0.14 and 0.09 ppm, 
indicating the watershed was a significant source. Decrease of 
this chemical in the surface waters of the reservoir to as low as 
0.03 ppm at the Country Club may be attributed in part to 
removal by plant life. At the dam, where the sample was a 
cross-section of the upper ten feet, there was an increase to 0.09 
ppm. A maximum phosphate concentration occurred in the fall 
at approximately the time of turnover. Further indications of 
the lower stratum’s being an important source was substantiated 
by a later study at the Country Club, where the bottom phos- 
phate averaged greater than 0.74 ppm with a maximum of 
1.82 ppm. 

Low winter phosphate values observed may be attributed 
to various factors. Probably most important is the effect of 
winter flows as high as 900 mgd upon the total storage volume 
of 390 mil gal. This would have a tendency to dilute and to 
flush out most of the phosphate. Unlike the nitrates, the phos- 
phates were not increased by watershed run-off during peak flow 
periods. The content is also dependent upon the effect of tem- 
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perature on both the solubility of phosphates and the production 
by decomposition. 

With regard to the other tributaries, the high phosphates 
of Shepard Brook may be attributed to the sanitary infraction, 
and those in Pine Swamp to agriculture and old subsurface drain- 
age fields. Removal of phosphates in the summer was evident in 
Pine Swamp. 

An increase in phosphates was generally followed by an 
increase in algae, a relation noted by other investigators (12). 
However, as shown in the discussion of Cyanophyceae, only small 
amounts were sufficient for large growths, while an excess exerted 
little or no effect. 


Acidity, Alkalinity, and pH 


The utilization of carbon dioxide and bicarbonates by algae, 
accompanied by rising alkalinity and pH, has been frequently 
reported (4), (15). 

When the water temperatures were above 60°F., the varia- 
tion of pH from 7.0 to 9.3 for the reservoir stations may be 
attributed mainly to the effect of algae. Direct correlation be- 
tween algae, pH and alkalinity with an inverse correlation 
between algae and acidity was observed at Waite St., where 
flushing action reduced the effectiveness of copper sulfate. On 
the other hand at the lower lake stations, Club and Dam, inter- 
ference by copper sulfate was evident. Later in the summer, high 
flows resulting from two hurricanes nullified the effect of copper 
sulfate throughout the reservoir. 

The slight variation of pH from 7.1 to 7.5 for the Mill 
River stations was accompanied by insignificant algae counts; 
however, the small pH variations from 6.9 to 7.3 for Pine Swamp, 
while high algae counts were being observed, may be attributed 
to the stabilizing effect of the buffering substances present. 

The correlation of algae counts with pH, alkalinity and 
acidity was evident and generally agreed with the observations 
of other authors. However, exceptions ,uch as the effect of buffer- 
ing action in the swamp and the addition of copper sulfate in 
the lake tended to interfere. The utilization of carbon dioxide 
by algae was considered; however it was not pursued further 
because of the non-specific nature of the test employed. 
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SHEPARD BROOK 


As indicated earlier, it was hoped this study would help in 
the evaluation of sanitary conditions of the watershed through 
a program of laboratory control. From samples collected during 
mid-summer, a sanitary infraction was disclosed in Shepard 
Brook, due to an inadequate sub-surface disposal system near 
the sampling station. 

An examination of Table 4 will show how periodic examina- 
tions revealed the infraction. While most of the tests were helpful, 
the MPN appeared to be the most indicative. 

Extremes in flows tended to obscure conditions. For mini- 
mum flows in the early part of August, the sub-surface strata 
tended to act as a biological filter until saturated. The effect 
of increasing flow is shown in the values for the remaining part 
of August, when extremely high runoff resulted in obscuring 
by dilution. Any interpretation must take into consideration flow 
variations. 

The evaluation of sanitary conditions in this case was best 


made through the MPN, nitrite, nitrates and phosphates. Algae 
counts had very little relationship because of the greater influence 
of a pond directly above. The nitrites and phosphates were evi- 
dent because of the short distance between the source and 
sampling points. 


Correlation between Coliform Bacteria, Nitrates and Algae 


From stream-pollution studies it is well established that a 
high MPN of coliform bacteria is usually a result of recent 
pollution, whereas nitrates are generally indicative of past pollu- 
tion. In the later stages of natural purification, when the stream 
has emptied into a lake or reservoir, decreasing MPN’s and 
nitrates are usually accompanied by increasing numbers of algae. 
This sequence occurs when there is no subsequent pollutional 
interference downstream after the initial load. Thus, an increase 
of reservoir algae might be considered indicative of even more 
remote pollution. The extent of algae growth is dependent upon 
physical conditions and food available, especially the nitrates 
present. 

The tributaries of the Whitney watershed were found to 
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contain relatively high MPN’s, generally accompanied by high 
nitrates, indicating that the water was well along in the stages 
of self-purification. The following discussion of these correla- 
tions is based mainly on Table 1. During the summer the high 
nitrates in Mill River, which averaged 1.03 ppm, dropped to 0.4 
ppm at the Waite St. sampling station in the lake, while the num- 
ber of algae increased from a negligible count for Mill River to 
an average of 762 standard units at Waite St. This drop in 
nitrates and rise in algae count was accompanied by a marked 
drop in MPN from 7,300 to 427. Further substantiation of the 
sequence in the lower lake was not as evident. The lake stations 
showed a decrease in green and blue-green algae in the direction 
of the dam, while the nitrates increased. This effect may be 
attributed directly to copper sulfate. The MPN’s continued as 
expected in the sequence and were reduced considerably by 
storage and possibly copper sulfate. 

During the cooler period the algae counts were negligible, 
while the nitrates were substantially unchanged, due to lower 
temperatures and high flows. The marked drop in MPN was 
still evident; however, it moved down the lake and decreased 
from 1,230 at Waite St. to 424 at the Country Club. 

In the stream the MPN’s were the best indicators of sanitary 
conditions on the watershed; however, in the lake their value as 
an indicator was dependent on storage. The value of nitrates 
as an indicator of sanitary conditions was influenced by the 
assimilation by plants, especially during periods of active algae 
growth. The effect of the addition of copper sulfate upon the 
growth of the algae must also be considered. During the colder, 
dormant periods, the nitrates are freed of significant algae 
interference and are more indicative of sanitary conditions on 
the watershed. 

SUMMARY 


Prior to the creation of this program for laboratory investi- 
gation of watershed conditions, careful consideration was given 
to the location of sampling points. Samples from the intake 
were valuable, but inadequate. Strategically located points on 
the lake and tributaries provided information for the early 
control of an algae bloom and elimination of a sanitary infraction. 


= 
; 
£ 


S. JACOBSON AND E. L. MAC LEMAN 81 


Most of the factors selected for this study had a fairly 
direct relation to wastes. Algae presented the possibility of use- 
ful correlations. 

Chlorides and sulfates were of value when a sanitary infrac- 
tion happened to be close to the sampling point and dilution was 
insignificant. High normal chlorides, due to proximity of Long 
Island Sound and the natural sulfate content of the area, tended to 
interfere and reduce the value of these chemicals as indicators. 


The natural phosphates of potable surface waters may be 
sufficiently high to obscure a possible sanitary violation which 
might occur on a watershed such as Lake Whitney. Also due to 
the many interfering factors, the phosphates while giving some 
indication of sanitary conditions were not of the same value as 
in a stream more directly affected. The fact that only small 
amounts are required for algae nutrition also limited the use- 
fulness of the phosphate determination. 

From this study coliform bacteria, nitrates and algae were 
helpful in watershed inspection. 

The coliform bacteria were very useful due to the sen- 
sitivity of the test. However, consideration had to be given to 
the effect of seasonal conditions and duration of storage, and 
the significance of coliform bacteria not of sewage origin. Nitrates 
and algae, because of their direct relationship, had to be con- 
sidered together. The absence of nitrates was indicative of good 
conditions only when the algae were also absent. The effect of 
copper sulfate, temperatures and flow upon algae also had to be 
considered. 


For the Lake Whitney watershed the following laboratory 
examinations appeared to be best for interpreting sanitary con- 
ditions: for streams, coliform bacteria with nitrates; for swampy 
areas, coliform bacteria with algae in summer and nitrates in 
winter; for the reservoir, algae with nitrates in summer and 
coliform bacteria with nitrates in winter. Deviations from such 
established quantitative relationships will indicate changes in 
sanitary conditions. 
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B. L. SOSCIA 


HOW SUPERVISORY CONTROL CAN HELP NEW 
ENGLAND WATER SYSTEMS 


BY B. L. SOSCIA* 


[Read September 15, 1958.) 


The water-works industry, like other industries in this 
country, must keep up with modern technological advances if it 
is to keep pace with a growing America. As America expands, 
our needs expand, and these include the need for water. Formerly, 
a water system often consisted of a river intake, treatment plant 
and pumping station, all at the same location. Now the situation 
is quite different. Many intakes and reservoirs are often linked 
to one treatment plant, and elevated storage tanks and booster 
pumping stations are scattered throughout large cities. To extend 
the problem further, a central treatment plant and pump station 
may supply water to many outlying towns, many miles from 
the central station. 

As the water systems grew and spread, so did the operational 
problems. Where all of the controls were in one place, now 
they are widely dispersed. Telemetering information was the first 
aid to the water-works profession, then elementary remote con- 
trol, and now the ultimate in automatic operation, a central 
supervisory control system. 


A supervisory control system provides operating personnel 
with (1) adequate supervision of remote equipment, (2) operat- 
ing information about the status of all equipment, and (3) telem- 
etry over a common transmission link or channel. Combining 
the American Standard definitions for supervisory control, indica- 
tion and telemetry, a supervisory system may be defined as 
“equipment for the selective control, automatic indication and 
continuous telemetering to or from remotely located units by 
electrical means over a relatively small number of transmission 
channels.” 


*Application Engineer, B-I-F Industries. Inc., 345 Harris Ave., Providence 1, R. I. 
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WATER-WorKS APPLICATION 


When applied to water works, a supervisory system furnishes 
(1) central control and operating conditions of remote pumps, 
regulating valves, gates, chemical feeders, fans and lawn sprin- 
klers; (2) central operating conditions of local automatically 
controlled pumps, valves or standby generators; (3) central 
alarm indications, such as bearing temperatures, room tempera- 
tures, room flooding and doors open or closed, and (4) central 
continuous telemetering of levels, flows, pressures, voltages and 
currents. 

The prime benefit gained from the application of supervisory 
control to a water-works system is reduced operating expenses 
by minimizing or reducing mobile equipment, mileage and up- 
keep. Depending upon the system requirements, other gains are 
as follows: 


(a) High dependability—by keeping constant watch over 
remote areas 24 hours a day and eliminating human error. 

(b) Skilled personnel released for other duties by centraliz- 
ing operational and control information and allowing personnel 
to perform additional services. 

(c) Low-cost system expansion—through initial system 
planning, enabling additions for future growth, as required, with- 
out changing over-all equipment. 

(d) Increased system efficiency and productivity—by in- 
stantaneous control and indication of system operation. Demands 
can be satisfied as needed—reducing time lag involved in unco- 
ordinated systems. 

(e) System failures pinpointed immediately by having con- 
stant system monitoring and allowing quick dispatching of repair 
or maintenance personnel. 

(f{) Improved customer relations through improved service, 
by responding quickly to system changes, as sensed and indicated 
before or during an emergency. 


Growing operating costs and our present economy command 
that centralized control, automatic operation and unattended 
substations become a necessity. 
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CHOICE OF TRANSMISSION LINK 


Supervisory control is especially adaptable for control and 
telemetering between stations usually separated by distances in 
excess of one-half mile. It is common to find supervisory-control 
dispatching equipment in water superintendents’ offices, mainte- 
nance quarters, city halls, fire stations, booster stations and 
water-treatment plants, and supervisory-control receiving equip- 
ment located in well fields, lake or river low-lift stations, booster- 
pump stations, valve vaults or water-treatment plants. 

If the dispatching center is located reasonably near the 
remote receiving station where equipment to be controlled is 
situated, the problem of controlling or monitoring is made 
relatively simple by installing multi-conductor cable between 
dispatching and receiving stations, at reasonable costs. Spare 
cable pairs must be contemplated in advance, for future additions 
to the system and replacement for open or shorted pairs. 

If the dispatching center is located at a distance from the 
receiving station, the problem of controlling and monitoring 
becomes more involved, because a multi-conductor cable is 
usually costly to install and maintain. In many situations, rights- 
of-way for private multi-conductor cable cannot be obtained and, 
consequently, cost cannot be evaluated. In such cases, an evalua- 
tion of the transmission link is made, considering (1) carrier, 
(2) micro-wave, (3) radio and (4) leased telephone lines. The 
use of a leased telephone-line link is usually selected, because it 
is maintained at no additional cost, appears to be more reliable 
for water-works transmission distances, which average 15 to 
20 miles, and in the over-all analysis, costs less over a period 
of years. 

Most supervisory control systems can be adapted to any of 
the four types of transmission links. However, since applications 
in New England, at the present time, can be efficiently handled 
by private or leased pairs of telephone lines, the balance of this 
paper will deal only with supervisory control and telemetry over 
this type of link or channel. 


VarIouS CHANNELS 


Following is a list of the various types of channels used to 
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interconnect dispatching and remote supervisory-control equip- 
ment: 


A. Metallic Pair of Wires. A pair of wires which provides 
a path for direct-current flow between stations. Usually, metallic 
pairs are required for systems employing a DC pulse coding type 
transmission. Line resistance, inductance and shunting capaci- 
tance limit the maximum keying rate and maximum transmission 
distance permissible. 


B. Voice Channel. A voice channel is often a metallic 
pair, although DC continuity is not necessary for passing fre- 
quencies in the audio spectrum between 300 and 2,800 cps. 
Inter-exchange lines are generally metallic pairs. Intra-exchange 
lines usually are loaded with repeaters, or carrier equipment, and 
cannot pass direct current. The advantages of a voice channel 
are as follows: 


1. Simultaneous functions can be performed in the same 
or opposite directions. 


2. Where local telephone companies permit it, simultaneous 


voice communication and supervisory control are possible over 
one channel. 


3. Multi-station arrangement is possible, using one channel 
interconnecting all stations. 


4. Future expansions can be made simply by extending the 
signal channel. 


Because of the increase in use of telephone-line transmis- 
sion, new transmission facilities, such as cables and central-office 
equipment, are primarily designed to accommodate and multiplex 
voice communications. This fact should be borne in mind when 
contemplating design of present or future supervisory control 
systems. 


C. Telegraph Channels. A telegraph or teletype channel 
is characterized by the fact that it can only transmit pulses at a 


high keying rate up to about 100 per second. Three types of 
telegraph channels are available: 


1. One-direction channel (transmission in one direction 
only). 
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2. Half duplex (single-direction transmission: transmitter 
to receiver or receiver to transmitter ). 

3. Full duplex (transmission in both directions simulta- 
neously ). 


In general, a telegraph channel (1) cannot transmit audio 
frequencies or direct current between stations; (2) is less ex- 
pensive than a voice channel, and (3) is more expensive than 
a metallic pair. 

D. Telephone Line Carrier. Telephone lines are rarely 
leased to private users for purposes of multiplexing with carrier 
equipment, resulting in several voice channels which could either 
be used for voice communications or be subdivided for tone 
telemetering or supervisory control. Telephone companies usually 
employ carrier frequency equipment to provide several channels 
over a metallic pair between exchanges. 


TRANSMISSION-LINK Layouts FOR MULTI-STATION SYSTEMS 


In planning a supervisory control system which involves a 
multi-station layout, the arrangement of telephone lines is very 
important. The channel is usually considered the weakest link 
in a supervisory control system. In view of the cost of the 
terminal equipment, the goal is to attain a line layout with the 
best possible evaluation of these factors: 


(a) Rental, new installation and maintenance costs. 

(b) Effect upon reliability, accuracy and serviceability by 
changes in line characteristics, line failures and power failure 
at remote stations and telephone exchanges. 

(c) Versatility and flexibility for future, as well as present, 
functional requirements. 


Telephone-company transmission engineers are available 
and usually in the best position to assist in planning a layout, 
since they have at their disposal exchange-office locations, line 
make-up, attenuation figures and line-rental costs. On the other 
hand, if this information is made available, equipment manu- 
facturers welcome the opportunity to plan an efficient layout. 

Figure 1 illustrates four remote stations, each planned in 
conjunction with a master supervisory-control unit at the dis- 
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LEGEND 

RS - Remote Station 

MS - Master Supervisory Control Unit 

TC - Telephone Channel RS 


Fic. Layout oF Four STATION-TO-STATION CHANNELS 


patching center for station-to-station operation. A common 
master supervisory-control unit can be furnished at the dispatch- 


ing center. Where remote stations are scattered about a central 
dispatching center, in “spoke-wheel” fashion, individual station- 
to-station channels afford maximum system reliability and ex- 
pansion. In addition, each channel can be easily monitored to 
sound an alarm at the dispatching center, should the channel fail 
due to a break, short or change in line attenuation. 

Figure 2 shows the multi-station telephone-line layout 
planned for the Metropolitan District Commission, Arlington, 
Mass., by Coffin and Richardson, Inc., consulting engineers, 
with all terminal functions outlined. Complete system equip- 
ment, both supervisory control and telemetering instrumenta- 
tion, is being furnished by B-I-F Industries, Inc., of Provi- 
dence, R. I. 

TyPIcAL INSTALLATIONS 

The series of figures which follows shows how supervisory 
control equipment is applied in the production, treatment and 
distribution of water from two functions at a remote well to 
multiple functions at a treatment or booster-pump station. 
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TURKEY-HILL 
STANDPIPE 
LEVEL TRANSMITTERS 


ARLINGTON HEIGHTS 
STANDPIPE 
LEVEL TRANSMITTER 
Tc Tc 
11,000° 4300’ 


BRKATTLECOURT 
DISPATCHING 
CENTER 


Control, Indication, 


NEW PUMPING Tc Telemetering Functions: 
STATION 6,200 5- Supervisory Control 
Functions 
RS 1- Report Back Indication Trans, 
12- Indication Functions 
5- Telemeter Indications 
4- Pumps, Controlled Automatically 2- Alarms 
From Turkey-Hill Level or 
M lily From Bratt! t 


1- Valve Control 

1- Indication Function 
12- Report Back Indications Trans, 
4- Telemeter Indications 
3- Telemeter Transmitters 


Fic. 2—MULTI-STATION SUPERVISORY CONTROL SYSTEM FOR METROPOLITAN 
District COMMISSION, ARLINGTON, MAss. 


A. Two-Function Control-Indicator Units. An elementary 
supervisory-control arrangement, shown in Figure 3, can be used 
for controlling a remote pump or valve and receiving a positive 
“report-back” indication simultaneously over a common metallic 
pair or link. The function mixer and separator use polarized DC 
and static devices for efficiently and economically channeling the 
control signal to the motor, and the report-back signal to the 
indicating lamps. This equipment is recommended by the manu- 
facturer for simultaneously performing two functions in the same 
or opposite directions, and does not employ timers for time- 
sharing purposes. 

B. Two-Function Position-Indicator Units. A similar con- 
trol arrangement, employing static devices, is used for remote 
nudging, jogging or regulating the position of a valve, gate or 
variable-speed drive. This position-indicator controller is shown 
in Figure 4. The control switch is usually spring-loaded to return 
to the center “STOP” position. A low-current (1-milliampere), 
DC, potentiometric position indicator is incorporated within this 
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Function 
Separator 


Ligh Indication 
Red ‘‘Running’’ Switch 
Light 


CONTROL POINT CONTROLLED UNIT 
Fic. 3.—COoONTROL AND INDICATION (REPORT-BACK) OVER A COMMON 
CONTROL CIRCUIT. 


PLUG-IN 
CONTROL UNIT 
POSITION 


INDICATOR 


OPEN-STOP-CLOSE 
VA 
OR PRIVATE 
CHANNEL 


REMOTE RECEIVER UNIT 


POSITIO} 
TRANSMITTER 


Fic. 4.—Posit10on INDICATOR-CONTROLLER FOR REMOTE NUDGING OR 
POSITIONING. 


unit, to show continuously the actual valve position, as the 
operator “nudges” it to a new position. 

C. Multi-Station Systems. For multi-station systems, 
comprising telemetering transmission and several control and 
alarm monitoring combinations, the use of audio tone-frequency 
units over a voice-channel link is considered most economical. 
Figure 5 shows an arrangement utilizing plug-in type, rack- 
mounted, transistorized tone transmitters and receivers. Each 
function requires a tone channel, consisting of a tone transmitter, 
TT, and a tone receiver, TR. About 26 tone channels may be 
applied to a characteristic voice channel. 
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Fic. 5—MULTI-STATION SysTEM Usinc Aupio ToNE UNITS OVER A 
ComMMon Voice TELEPHONE CHANNEL 


Figure 6 is an external-wiring and functional diagram, il- 
lustrating the transmission of an alarm function via audio tone. 
A contact closure across the “Key” and “Ground” terminals of 
a transmitter causes oscillations of its characteristic frequency to 
be emitted on the signal line. This frequency is accepted at any 
point along the signal line by an associated receiver, whose filter 
passes only this signal to its amplifier section, to key a relay. 
Normally open or closed contacts on this relay may directly 
energize metering, control, alarm or indicating devices. 

D. Multi-Function Scanning Systems. When multiple 
functions are to be transmitted between a dispatching center 
and a remote station, complete terminal equipment is furnished 
in appropriate free-standing cubicles, all factory-assembled, wired 
and tested. 

Basically, all multi-function supervisory control systems 
employ one of the folowing modes of transmission, or a combina- 
tion of them: 


(a) Pulse code, such as pulse count, pulse-space or binary 
code. 
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TONE TONE 
TRANSMITTER RECEIVER 
Sig. Level 
Control 
Alarm 
Contact 


Lines 


| 
Transmission 
Pair Energized 


OSCILLATOR AMPLIFIER FILTER FILTER AMPLIFIER RELAY 


Fic. 6—EXTERNAL WIRING AND FUNCTIONAL DIAGRAM OF ASSOCIATED 
TONE TRANSMITTER AND RECEIVER. 


(b) Tone code. 
(c) Scanning-switch sequencing. 


The application of an intermittent scanning system, utilizing 
audio tone transmission, is illustrated in Figure 7. This system 
features synchronized motor-driven scanning switches, which 
automatically scan only when a control function is initiated 
from the dispatching center, or disagreement is sensed at a remote 
station. Each scanning switch is rotated by a constant-speed 
motor at a speed of 1 rpm. During one revolution of the switches, 
as many as fourteen control functions may be initiated, and all 
report-back indications are monitored. The basic system employs 
four tone channels to perform 28 functions, control or advisory. 
Twenty-two additional tone channels are available for continuous 
telemetering, jogging operations or instantaneous alarms. 


CONCLUSIONS 


Various types of equipment are available to perform the 
operations outlined in this discussion. Each has been thoroughly 
field-tested on actual installations throughout the country over a 
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period of years. The economies and system performance ac- 
complished with supervisory control have been proven. It is ex- 
tremely important, in over-all planning, to investigate the use of 
supervisory control and to apply it to the best advantage in each 
water-supply system. 
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Fic. 7—ELEMENTARY DIAGRAM OF INTERMITTENT SCANNING SYSTEM. 
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THE POLAND SPRING CONVENTION OF THE NEW 
ENGLAND WATER WORKS ASSOCIATION* 


BY CHARLES A. RISBRIDGER?# 


Having had the great privilege of attending, as their guest, 
the 76th Annual Convention of the New England Water Works 
Association at Poland Spring, Maine, this brief account of my 
visit may be of interest to the members of the Institution. 


It is but fitting to begin by recording that the paramount 
impression left by a most interesting visit is the warm friendli- 
ness of everyone whom I met in New England, and the generous 
hospitality of the members of the Association both collectively 
and individually. 

I travelled by plane direct from London to Boston, and 
although starting an hour and a half behind schedule, due to 
mechanical trouble, flying conditions permitted the pilot to 
make up the lost time and land in Boston at about 6 p.m. New 
York time or 11 p.m. British Summer Time, on Tuesday, 9th 
September. My host and hostess from then until the following 
Sunday, the eve of the Convention, were Mr. and Mrs. Sherman 
Chase, well-known visitors upon three or four occasions to our 
Summer Meetings, and most successful ambassadors of good- 
will from the New England Water Works Association. During 
my stay with him \‘r. Chase very kindly drove me to the main 
source of the water supplied by the Metropolitan District Com- 
mission, the Quabbin Reservoir, in which are impounded the 
waters from 186 sq. miles of the upland gathering grounds of the 
Swift River. The Commission supplies water to thirty munic- 
ipalities, including the City of Boston, the estimated population 
of the areas supplied being 1,808,000 in 1956 when the daily 
consumption was 168 million Imperial gallons, or 93 Imperial 
gallons per head per day. 

Within the scope of this account it is impossible to do more 


*Reprinted from Journal of the Institution of Water Engineers, Vol. 12, No. 7, p. 473, Nov., 
1958. 
+President of the Institution of Water Engineers. 
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than give a very brief description of the supply works, of which 
the Quabbin Reservoir is the most outstanding in magnitude. 
It is situated about 65 miles west of Boston and is created by two 
earth dams, the one, the Winsor Dam, 170 ft. high above river 
bed and 2,640 ft. long, and the other, the Quabbin, 135 ft. high 
above river bed and 2,140 ft. long. 

The Winsor Dam is named after the late Chief Engineer 
of the Commission. The reservoir is in the form of two inter- 
connected parallel legs, one about 11 miles and the other about 
15 miles long, the total water surface at 530 ft. above sea level 
being about 38% sq. miles with a shore line of 118 miles. The 
maximum depth is 150 ft., and some idea of the ideal nature of 
the site may be gained from the fact that 8 miles above the dam 
the average depth is about 90 ft. The capacity is 343,000 m.g. 

Water from Quabbin Reservoir flows through an aqueduct 
in the form of horse-shoe shaped tunnel in rock, 24'% miles long 


and of a cross-section equivalent to a circle 12 ft. 9 in. in 
diameter, into the Wachusett Reservoir, which is formed by a 
masonry dam 115 ft. high above river bed and has a capacity 


of 54,100 m.g. with T.W.L. 395. 

From that reservoir the water flows through a_ tunnel- 
conduit-open-channel aqueduct of 266 m.g.d. capacity to reser- 
voirs within a few miles of Boston. Where the Quabbin Aqueduct 
crosses under the Ware River, water from the river in excess of 
an agreed minimum may be diverted down a vertical shaft into 
the Aqueduct by a most ingenious system automatically con- 
trolled by the vacuum created by the passage of the compensa- 
tion water through a Venturi meter from upstream to downstream 
of the diversion weir. The effect of the facilities for diverting 
the Ware River is to add 98 sq. miles of that river to the gather- 
ing grounds of the Quabbin Reservoir for the water may be made 
to flow by gravitation to, and stored in, Quabbin Reservoir or to 
Wachusett Reservoir, or to both simultaneously, at a combined 
rate of something over 700 m.g.d. The scheme thus serves the 
dual purpose of conservation and flood control in the Ware valley. 

I had the pleasure of meeting the engineer who designed the 
Ware intake—Karl Kennison,* now retired from practice—who 


*Latest recipient of the Diploma awarded under the reciprocal agreement between the Instita 
tion and the N.E.W.W.A. (Journal of the Institution of Water Engineers, 1956, vol. 10. p. 558). 
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very patiently explained his design by means of sketches on the 
back of a luncheon menu. My very real interest in his ingenious 
scheme, coupled with his enthusiasm in explaining it, quickly 
established us as such intimate friends that I was able to share 
his bag of golf clubs for a round of only four holes, during which 
he played so much better than he expected after a lapse of some 
years, that I fear I may have resuscitated a vice of which he had 
believed himself cured. 


In describing some of the features of the works of the Metro- 
politan District Commission, my only purpose was to give some 
idea of their magnitude and the only other mention I would make 
of them is that the water is not treated in any way except by 
chloramination and occasionally with copper sulphate to control 
algal growths. Consequently sanitary rules and regulations on 
the watershed are strictly enforced. I found some considerable 
concern—understandable in the circumstances—among members 
of the Association at a growing demand from the public for use 
of water supply reservoirs for recreational purposes. 


The Convention was held at Poland Spring House, Poland 
Spring, Maine, a highland resort. The hotel, of gigantic propor- 
tions, is constructed entirely of timber, as are the majority of 
the residential buildings in New England. 


The proceedings opened on the Monday, 15th September, 
at 10 a.m., with the business meeting at which the Chairman of 
each of several subcommittees presented his report of the pro- 
ceedings thereof. 


In the afternoon three papers were presented. Contrary to 
the practice at our own meetings, the papers are not circulated 
beforehand, nor apparently is anyone briefed to open a discussion. 
Instead, the author reads his paper in its entirety and presents 
his figures and graphs, if any, by means of slides. It is, of course, 
quite impossible for an audience to analyse figures presented 
either in tabular or graph form in those circumstances, and not 
at all easy to follow the author’s argument if the subject-matter 
is at all abstruse. As a consequence, at question time at the end 
of the author’s reading, the number of questions put was very 
small and the discussion, if any, very limited. 
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In the evening I was the guest at a Past Presidents’ Dinner. 
As an aid to the digestion of an interesting and satisfying meal, 
Mr. Chase afterwards showed some coloured slides of his recent 
European tour including some from the Summer Meeting of the 
Institution. 

This was followed by a function entitled “Harvest Jam- 
boree,” and described as “our annual swing-ding. Come along 
and swing your partner.” It was in fact a most enjoyable and 
decorous session of square dancing in the barn at which the men 
were presented with large straw hats, the ladies with poke bonnets, 
and everyone who needed them with cider and doughnuts at 
appropriate intervals. 

The morning of the second day was devoted to three more 
technical papers, and the afternoon to a men’s golf tournament. 
In between there should have been a “Picnic in the Pines,” 
but as it rained the picnic—a barbecue—was held in the hotel. 
In passing along a trestle table heavily laden with food and lined 
with chefs, one’s plate was loaded with every kind of cold meat, 
vegetables, salads and pickles, and just when it appeared possible 
to hold no more, a whole lobster was added to it. It is under- 
standable why the afternoon was given over to a golf tourna- 
ment. The evening was taken up by a first-class entertainment 
entitled “Stelliferous Revue.” 

On the Wednesday morning three more papers were read, 
including my own entitled “Current Affairs in the Water Supply 
Service in Great Britain.” The matter which provoked most 
discussion was the consumption per capita in Great Britain, and 
the reasons why it is so much smaller than that in the United 
States. 

In the afternoon five more papers were read at a Superin- 
tendents’ Session. It appears that, as a rule, water undertakings 
are operated by superintendents, who are not generally profes- 
sional engineers, the construction and development works being 
designed and supervised by consulting engineers. From my dis- 
cussions on this subject there appeared to be a trend towards a 
departure from the practice, but it would be likely to be slow in 
progress because of a lack of qualified engineers available for, 
or willing to take, such posts. 
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POLAND SPRING CONVENTION, N.E.W.W.A. 


In the evening of the third and last day, the Banquet took 
place, at the conclusion of which medals for papers, etc., were 
awarded, and certificates of Honorary Membership were presented 
to three members and to one guest, the President of the Institu- 
tion of Water Engineers. I put it that way because the gesture is 
obviously in honour of the Institution and not of one member 
thereof, who for the time being was privileged to be its President 
and to take part in the Convention. 


After the presentations I expressed—inter alia—the cordial 
greetings of the Members of the Institution and my appreciation 
of the compliment which they had paid to the Institution by con- 
ferring upon me the vicarious distinction of Honorary Member- 
ship. 

In making the presentation, the President, Mr. George G. 
Bogren, referred to the happy relations between the Institution 
and the Association and asked me to convey to our members the 
cordial greeting of the Association. 

Then followed the Presidential Address of the outgoing 
President and the installation of the new President, Clarence 
L. Ahlgren. 


So ended an interesting meeting, a happy mixture of work 
and pleasure, much like our own Summer Meeting in general, 
except for the absence of those visits to works which characterize 
our meetings, and perhaps rather more emphasis on the social 
recreational events. The absence of visits to works is readily 
explained by the spaciousness of the country, towns and water- 
works being much more widely spaced than in our highly 
developed country. 

As I began this account, so would I like to end it, by re- 
ferring to the kindly nature and courtesy of the New Englanders, 
illustrated by a casual meeting in Boston Public Park. There are 
over 800,000 inhabitants, and one of them had to stop me to 
enquire his way to a certain building. Upon telling him that I 
had only just arrived there from England he replied, “Well, isn’t 
that something! Welcome, Sir, and I hope you'll enjoy our City.” 
This took place within the shadow of a monument commemorat- 
ing the eviction of the English about 200 years ago. Therein 
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lies material for a philosophic dissertation, but I will resist 
temptation. 


The journey home was somewhat frustrating. Upon arrival 
at Boston Airport a little before 10 p.m. (N.Y.T.) to catch a 
plane at 11.40 p.m. I was informed that the flight was cancelled. 
Having an appointment with the Northern Ireland Section at 
their meeting the following evening, I asked for alternative ac- 
commodation, and was flown to La Guardia Airport, New York. 
From there a taxi took me to Idlewild Airport to catch a plane 
half-an-hour after midnight. Unfortunately the plane had me- 
chanical trouble and did not take off until 2 a.m., arriving at 
Prestwich with time to reach Renfrew by taxi in time to catch the 
plane to Belfast. However, it was Ayr Races day and it took half- 
an-hour for a taxi to appear. Every traffic light was at red 
and to make quite sure that I should miss the connexion a learner 
driver had to come to grief straddling the carriage-way at a 
traffic island. In spite of the fact that the plane had been held 
back for a quarter of an hour, it took off as I reached the airport. 
“°Tis an ill wind,” etc., for I was able to return to Glasgow for 
a good night’s sleep in partial compensation for the lack of it the 


previous night, and therefore enjoyed the better the day’s events 
with our good friends in Northern [reland. 
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MEMOIR 


MEMOIR OF ARTHUR D. WESTON 


The late Arthur D. Weston joined the New England Water 
Works Association on January 12, 1922, and was made an 
Honorary Member on September 19, 1944, after having served 
as President for 1928-1929. He served with wisdom on many 
committees. In 1951 Mr. Weston received the Dexter Brackett 
Memorial Award for his paper, entitled “Sanitary Protection 
of Watersheds—Are We Overdoing or Underdoing It?” The New 
England Water Works Association lost a friend and counsellor 
when he passed away on December 20, 1958. 


THE LATE ARTHUR D. WESTON 


Mr. Weston was born in Boston, July 18, 1884, and received 
his formal education in the Boston public schools and Dartmouth 
College. His search for enlightenment in engineering and the 
humanities was a lifelong pursuit. 
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His principal activity in the engineering field was with the 
Massachusetts Department of Public Health. He joined the De- 
partment in 1905 and, except for the period 1908-1912, continued 
in the service of the Commonwealth until World War I. He served 
as Captain in the American Expeditionary Forces in France with 
the 26th Engineers Water Supply Regiment. After the Armistice, 
Mr. Weston returned to the Department as Principal Assistant 
Engineer, was promoted to Associate Engineer and, in 1930, 
succeeded Mr. X. Henry Goodnough as Chief Sanitary Engi- 
neer and Director of the Division of Sanitary Engineering. In 
1948 he was designated Deputy Commissioner of Public Health. 
Mr. Weston retired from State service on December 31, 1949, 
and thereafter worked as a consultant in the field of sanitary 
engineering. 

In the course of his long association with the Division, Mr. 
Weston brilliantly led programs to protect and promote the public 
health in the field of environmental sanitation. His professional 
excellence and outstanding personal qualities of integrity and 
warmth were well known by his numerous associates in public life 
and professional activity. The man reflected credit on the Divi- 
sion, raised the stature of the profession and deeply influenced 
many younger engineers. 

He was very active in engineering societies and played lead- 
ing roles in sanitary engineering matters. He was Past President 
of the Boston Society of Civil Engineers, of the Northeastern 
Section of the American Society of Civil Engineers, of the Engi- 
neering Societies of New England, of the New England Water 
Works Association, of the National Conference of State Sanitary 
Engineers, and of the New England Sewage Works Association. 
He also served as chairman of the Sanitary Engineering Division 
of the American Society of Civil Engineers. 

Mr. Weston leaves his wife, Edna Vose Weston; a son, Julien 
Vose Weston; a daughter, Mrs. Arthur L. Besse, and three grand- 
children. 


Francis H. KINGSBURY 
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PROCEEDINGS 
NOVEMBER 1958 MEETING 


STATLER, Boston, MAss. 
THURSDAY, NOVEMBER 20, 1958 


President Clarence L. Ahlgren in the Chair. 

Secretary Knox announced the election by the Executive 
Committee of the following new members: 

Robert E. Barry, Superintendent, Water Department, 
Quincy, Mass.; John J. Russell, Vice-President, Consumers 
Water Co., Portland, Me.; James S. Mulroy, Superintendent, 
West Boylston Water District, West Boylston, Mass. 


Associate: 
Eastern Survey and Engineering Co., Inc., Boston, Mass. 


A paper on “Water Plant Automation” was read by Ray- 
mond H. Condell, Systems Engineer, Fischer & Porter Co., 
Hatboro, Pa. 

A paper on “The Break-Point Process for Free Residual 
Chlorination” was read by A. E. Griffin, Technical Consultant, 
Division of Technical Services, Wallace & Tiernan, Inc., Belle- 
ville, N. J. 

DECEMBER 1958 MEETING 
STATLER, Boston, Mass. 
THURSDAY, DECEMBER 18, 1958 


President Clarence L. Ahlgren in the Chair. 

Secretary Knox announced the election of the following 
new members: 

Edward E. Begin, Chief Engineer, Quittacas Pumping Sta- 
tion, New Bedford Water Works, New Bedford, Mass.; William 
A. Magoon, Superintendent and Treasurer, Water Works, Salem, 
N. H.; John J. Mahoney, Resident Engineer, Whitman & 
Howard, Inc., Boston, Mass. 

Associate: 


Cutler-Hammer, Inc., 415 Western Ave., Brighton, Mass. 
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Corporate: 
Board of Water Commissioners, West Springfield, Mass. 


A paper on “Recent Improvements to the City of Peabody, 
Mass., Water System” was read by Clifford S. Mansfield, Senior 
Engineer, Fay, Spofford & Thorndike, Inc., Boston, Mass. 

A paper on “Weather Cycles and Rainfall” was read by 
Robert L. Hendrick, Weather Research Center, Travelers In- 
surance Co., Hartford, Conn. 

A film—‘“Water for Everyone”—was shown through the 
courtesy of Robert Klemme, Armco Drainage and Metal 
Products, Inc., Boston, Mass. 


JANUARY 1959 MEETING 
Hore. STATLER, Boston, Mass. 
TuHurspAy, JANUARY 15, 1959 


President Clarence L. Ahlgren in the Chair. 

Secretary Knox announced the election of the following to 
membership in the Association: 

Tracy I. Flagg, Health Agent, Danvers, Mass.; Lewis W. 
Soule, Water Commissioner, Onset, Mass.; Neal Z. Mitchell, 
City Engineer, Salem, Mass. 


Associate: 
Mercer Marine, Boston, Mass. 


PRESIDENT AHLGREN. I regret to announce that since our 
last meeting here in Boston two of our distinguished members 
have passed away. I should like to have you stand up as I read 
their names: 


Arthur D. Weston, a Past President of the Association; 
Theodore W. Grindle, Superintendent, Bar Harbor Water Co. 

I am going to call on Edwin Cobb to make a committee 
announcement. 

EpwIn B. Coss. Perhaps some of you gentlemen know 
that I am one of the representatives of the Water Works on the 
ASA Committee 21, which has to do with specifications for cast- 
iron pipe and fittings. This committee is being reactivated, to 
consider the specifications and to recommend any changes which 
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seem desirable. If any of the members have any ideas that they 
would like to transmit to us, we should appreciate receiving them, 
so that we can consider them and see if they are matters which 
should be considered by the main committee. I thank you. 

PRESIDENT AHLGREN. I should now like to call on Bill 
Duffy, chairman of the Scholarship Fund Committee, for an 
announcement relative to the work of that committee. 

WILLIAM B. Durry. To those of you who have copies of the 
program I should like to call attention to a couple of lines on 
that program which say, “A contribution to the Scholarship Fund 
will further a most worthy project of the N.E.W.W.A.” I should 
also like to tell you that at the end of the year we have received 
several contributions to the Fund, and one of them that is worthy 
of comment, I think, is of $1,000. Karl Kennison, a former 
President, gave us a thousand dollars, which helps the Fund a 
great deal. We have $11,500 in the Fund now. Since, as you 
know, we can use only the interest from the fund, to make 
scholarship grants, I hope that those of you who can will keep 
in mind that we shall be happy to receive contributions at any 
time. 

A talk on “New England Geology” was given by Dr. Ruth 
Terzaghi, Professor of Geology, Harvard University, Cambridge, 
Mass. 

A paper on “Simplification of the Analysis of Complex 
Water-Works Distribution Networks’ was read by Edwin B. 
Cobb, Partner, Metcalf & Eddy, Boston, Mass. 

A talk on “Radiological Health Activities of the Division of 
Sanitary Engineering in Massachusetts” was given by John C. 
Collins, Sanitary Biologist, Massachusetts Department of Public 
Health, Boston, Mass. 
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ENGINEERS 


Coffin & Richardson, Inc. 
Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 
Incinerators 


68 Devonshire St. .... Boston, Mass. 


Fay, Spofford & Thorndike, Inc. 


ENGINEERS . 


Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 


Investigations Reports Valuations 
Designs Engineering Supervision 
11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 


Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES INC. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


6 

MALden 2-3800 
Gunite Restoration Co., Inc. 


Specializing in Pressure Concrete and 
Grouting 


METCALF & EDDY 
ENGINEERS 


Water, Sewage, Drainage, Refuse and 


Industrial Wastes Problems 
Airports Valuations 


Statler Building 
Boston 16 


595 Broadway, Malden 48, Mass. 


R. E. CHAPMAN COMPANY 
Oakdale, Massachusetts 
GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 


All Sizes to 60” Diameter 
Best Equipped for Complete Test Drilling and 
Development of Large Supplies 


5-3727 
Tel. WEST BOYLSTON {33551 


IRVING B. CROSBY 


Consulting Engineering Geologist 
Investigations and Reports 
Dams, Reservoirs, Tunnels, Ground 


Water Resources and Supplies 


6 Beacon Street, Boston 8, Mass. 


Consulting Engineers 


6 Beacon Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 


ment; Flood Control. 


CAMP, DRESSER & McKEE 


Leggette, Brashears & Graham 


Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 


Reports 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue New York 17, N. Y. 
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ENGINEERS 


Malcolm Pirnie Engineers 
Civil and Sanitary Engineers 


Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd St. New York 36, N. Y. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply and Sewerage 


Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER ASSOCIATES, INC. 
ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


50 Church Street New York City 


WHITMAN & HOWARD 


Engineers 
Established 1869 


Investigations, Designs, Estimates, 

Reports and Supervision, Valua- 

tions, etc., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 
Associates 


Engineers 


14 Court Square Boston 8, Mass. 


PIERCE -PERRY CO. 


Wholesalers of 
Water Works Brass Goods 
Byers Wrought Iron Pipe 

Youngstown Steel Pipe 
Valve and Service Boxes 


236 Congress St., Boston, Mass. 
Telephone, HAncock 6-7817 — 6-7818 


Hazen and Sawyer 
ENGINEERS 


Richard Hazen Alfred W. Sawyer 


H. E. Hudson, Jr. 
Water and Sewage Works 


Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd St. 3333 Book Bldg. 
New York 17,N. Y. Detroit 26, Mich. 


LAYNE - NEW ENGLAND 
COMPANY 


A Branch of Layne - New York Co., Inc. 


Water Supply Contractors 
Gravel Packed W ells 


15 Ryder Street, Arlington, Mass. 
Phone Mission 8-5898 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - KIrkland 7-1438 
Cambridge, Massachusetts 


SMITH and NORRINGTON 
ENGINEERING CORP. 


CONSULTING ENGINEERS 
ENGINEERING SUPERVISION 


Liberty 2-3244 


120 Tremont St. Boston 8, Mass. 
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CALDWELL — SERVICE 


1921 ————_ 1959 
38 Years of Quality Service 
We herewith repeat a portion of our many trade journals “ads” of 


20 years ago, and we can and do back it up, 


“90 PERCENT 
OR MORE OF ALL ORDERS ARE SHIPPED ON THE SAME DAY 
OF THEIR RECEIPT” 
This service plus always quality merchandise at reasonable prices 
is maintained particularly for YOU. One of the most complete lines 
of “Everything for Water Service Work from Main to Meter” in 


New England. Our list of customers is constantly growing, if you 
are not one of them, join them. 


GEORGE A. CALDWELL CO. 


592 East First Street South Boston 27, Massachusetts 
Phone ANdrew 8-1172 


ADAMS STAINLESS STEEL BROKEN-PIPE CLAMPS 
FOR CAST IRON, ASBESTOS-CEMENT & STEEL PIPE SPLITS, 
BREAKS & COUPLING REPLACEMENT 


2" - 36” diameter 6” - 36” long 


DANIEL L. JERMAN 


Stock at: 784 SALEM STREET, TEANECK, N. J. 


ENGINEERS 


Clarence I. Sterling, Jr. GERAGHTY, MILLER & HICKOK 


Engineering Consultant Ground-Water Geologists 


Water Resource Development - Water Supply 


Sewerage - Industrial Wastes - Refuse Disposal Location and Evaluation of Industrial 
Investigations - Reports - Designs and Municipal Ground-Water Supplies 


Water Rate and Sewage Assessment Studies Recommendations for the Solution of 


Ground-Water Problems 


73 Tremont Street Boston 8 
Telephone, Richmond 2-4362 110 East 42nd St, New York 17, ee 
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NON-TUBERCULATING CORROSION-RESISTANT 


ASBESTOS-CEMENT PRESSURE PIPE 
with Fluid-Tite Coupling 


e Lightweight e Non-electrolytic 
e Coupling permits 5° deflection §_¢ Practically indestructible 

e Water-tight e All-weather installation 

¢ No skilled labor required e No heavy machinery needed 


THE MODERN PIPE FOR MODERN COMMUNITIES 


BEST IN ASBESTOS 


Write to us today for more 
specific information. Learn 
how you can provide your 
community with the finest 
water service at lowest 
cost. Discover why the 
low first cost of “K&M” 


Asbestos-Cement Pressure KEASBEY & MATTISON 


Pipe is often your last cost. COMPANY * AMBLER « PENNSYLVANIA 
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NEW JERSEY 


WORTHINGTON 


AMON METER DIVISION 
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HYDRAULIC) DEVELOPMENT CORPORATION 


Mam 


Sales Office 


{HYDRO-TITES 


(POWDER) 


For over 40 years HYDRO-TITE has been faithfully 
serving water works men everywhere. Self-caulk- 
ing, self-sealing, easy-to-use. Costs about 1/5 as 
much as lead joints. Packed in 100 Ib. moisture- 
proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form — 
packed in 50 lb. :artons — 2 litters of pigs to the 
box — 24 easy-t. handle Littlepigs. Easier to ship, 
handle and store. 


(REELS) 


The sanitary, bacteria-free joint pack- 
ing. Easier to use than jute and costs 
about half as much. Insures sterile 


mains and tight joints. 
HYDRO-TITE 


50 Church Street, New York General Offices and Wor. 
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Tel. HILLTOP 3-8855 P. O. BOX 248 


HILCO SUPPLY, INc. 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


Quality Products — Fast, Courteous and Dependable Service 
MUELLER - KEASBEY & MATTISON - PIONEER 


At the Junction of Routes 20 and 27 
SUDBURY, MASSACHUSETTS 


KENNEOY WALWORTH 


FITTINGS 
up to 


Dr esser 24 inches in sto 
Flanged pipe specials up to 


20” made in our own shop. 


UTILITIES SUPPLY CORP. 
RIVERSIDE AVENUE MEDFORD, 
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Compound Meters 
have never been equaled for the 
accurate registration of all 
rates of flow, and for many 

years have maintained 

long and consistent 

records for perform- 

ance at a mini- 


mum of cost. 


All Bronze Case 
Sizes 2“- 3- 6” 
Inclusive 
as illustrated 
also 
lron Case Meters 
(not shown here) 
in sizes 8-10” 


HERSEY MANUFACTURING COMPA 
(Established 1859) 

DEDHAM, MASS. 


"You can’t buy a better Water Meter than 
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Dirty, clogged water mains are a serious—dangerous threat 

to any fire fighting organization. Low water pressure caused by 
incrusted pipes often makes the difference between minor damage 
and major conflagration. Yes, dirt can mean disaster. 

Your community deserves the extra-protection of clean water mains. 


And, National with almost a half-century of cleaning 
experience can guarantee restoration of any water main to 
at least 95% of its original rated capacity! 


Call National today—tomorrow could be too late! 
fam 
ff 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street New York, N.Y. 


333 Candler Building, ATLANTA 3, GA., 920 Grayson St., BERKELEY, CALIF., 115 Peterboro 
St., BOSTON 15, MASS., 533 Hollis Read, CHARLOTTE, N.C., 8 So. Dearborn St., Rm. 808, 
CHICAGO 3, ILL., P. O. Box 385, DECATUR, GA., 2024 Merced Ave., EL MONTE, CALIF., 
315 N. Crescent St., FLANDREAU, SO. DAKOTA, 3707 Madison Ave., KANSAS CITY, MO., 
200 Lumber Exchange Bldg.. MINNEAPOLIS 1, MINN., 510 Standard Oil Bldg.. OMAHA 2, 
NEB., 2910 W. Clay St., RICHMOND 21, VA., 502 West 3rd South, SALT LAKE CITY 10, 
UTAH, 204 Slayton St., SIGNAL MOUNTAIN, TENN., 424 8S. Yale Ave., VILLA PARK, ILL., 
7445 Chester Avenue, MONTREAL, CANADA, 576 Wall St., WINNIPEG, MANITOBA, 
CANADA, Apartado de Correos #5, BOGOTA, COLOMBIA, Apartado 561, CARACAS, 
VENEZUELA, P. O. Box 531, HAVANA, CUBA, Marquinaria. Apartado 2184, San Juan 10, 
PUERTO RICO, Bolivar 441-A, Marafil., LIMA, PERU. 
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is the difference 
chlorine control 


Safe chlorine Bntrol is the job of a chlorinator. 

This control, the V-notch, does the job completely. 

Yet it appears to be simply a grooved plug in a ring. 

It is, of course, more than that...much more. 

The groove in the plug is precision milled and shaped so that 
when you turn the control knob on your chlorinator and the plug 
slides through the ring, the size of the opening between the groove 
and the ring changes an exact amount. You meter chlorine exactly 
and simply because every position of the plug in the ring makes 
a repeatable orifice size—a repeatable chlorine flow rate. 

Only in a W&T V-notch Chlorinator is contro! so simple, so true, 
so precisely right. 

And, of course, the right plastics make the whole chlorinator 


chlorine-proof. 


" 4 


A booklet, “The V-notch | 
Ste ry” will tell you about all m 
the W&T V-notch Chlorinator 
features. For your copy write Wt 


. §-127. 
Dept. S-127.63 " 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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improved... 
streamlined... 
modernized...the 


EDDY Hydrant 


has ALL these features... 


% Optional ground line break flange 
%& Large diameter barrel for increased flow 
% O-ring or standard packing 


% New self-sealing rubber ring main valve packing 
% No lubrication required for fast, easy opening 
% Opens with the pressure—for instantaneous flow 


% Closes against the pressure—eliminates water hammer 


The Hydrant...improved... 
streamlined...modernized...retains all 
the basic advantages that have made 
these hydrants outstanding for four gen- 
erations. Yet, it has important new 
> advanced design features which pro- 
’ vide the utmost in efficient, dependable, 
longlife fire protection service. 

These new important advantages are 
provided without sacrificing interchange- 
ability of working parts with EDDY hy- 
drants now in service. Now, more than 
ever, EDDY offers maximum fire protec- 
tion, economical maintenance and assur- 
ance against future obsolescence in your 
fire-fighting system. 


H. R. Prescott & Sons, Inc. 
NEW ENGLAND SALES AGENTS 
Box 7 - Greendale Sta. 
WORCESTER 6, MASSACHUSETTS 
id Tel. West Boylston TE 5-4431 


EDDY comrany 


Optional break flange 
gives double protection 
gainst impact d g 


NEW SAFETY FLANGE 


A Subsidiary of Jomes B. Clow & Sons. inc 
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MERCER MARINE 


SUBAQUEOUS ENGINEERING 
AND CONTRACTING 


Underwater Surveys and 
Estimating 


12 Nutter Road 
No. Reading, Mass. 
Tel. No. Reading 4-210! 
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FLANGED PIPE AND SPECIALS WATER WORKS BRASS GOODS 
| CURB AND GATE BOXES HYDRANTS AND VALVES 
| CRESCENT DIAPHRAGM PUMPS PIPELINE EQUIPMENT AND TOOLS 


| WROUGHT IRON AND STEEL CEMENT LINED PIPE 
LEAD LINED FITTINGS 


EUREKA CEMENT LINED PIPE CO., INC. 


Telephone: LY-3-9550 
iq _ 591-593 WASHINGTON STREET LYNN, MASSACHUSETTS 


‘| _R.H. WHITE CONSTRUCTION CO., Inc. 
GENERAL CONTRACTORS | 


Water Mains Pumping Stations 
Pumping Machinery Stand pipe Foundations 
Sewerage Disposal 
41 CENTRAL ST., AUBURN, MASSACHUSETTS 


(Tel. Auburn TErrace 2-4121) 


PIPE FOUNDERS SALES CORPORATION | 
CAST IRON | 
PIPE AND FITTINGS | 


141 MILK STREET : BOSTON 9, MASSACHUSETTS | 
LI 2-2885 


MILLS ENGINEERING CO., INC. 


Representing 
Ralph B. Carter Company Philadelphia Gear Corporation 
Sewerage and Water Treating Gears, Speed Reducers 
Equipment Limitorque Valve Controls 
Chicago Pump Company Webster Manufacturing, Inc. 
Sewerage and Water Treating Conveyors and Straight Line 
Equipment Collectors 
| 300 First Avenue, Needham Heights 94, Mass. 
| HILLCREST 4-6905 
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MENNEDY VALVE thas a complete line 
of A.W.W.A. Standard Gate Valves... 


that conform to A.W.W.A. specifications in all respects 


FIG. 
Inside Serew 
Non. Rising Stem 
Mechanical Joint Ends 


Construction features... 


Conventional 

stuffing box 

with adjustable gland has 
ample space for packing that 
conforms to Federal specifi- 
cation HH-P-106c. The bot- 
tom face of the stuffing box 
flange is faced smooth to 
form bearing surface for stem 
thrust collar. 


O-Ring seals 

once installed no adjustment 
of any kind is required. The 
top O-Ring is the dirt seal 
and the bottom O-Ring is the 
pressure seal, 


Operating nut 


is Higher Strength Cast Iron 
The base flange, with arrow 
indicating direction to open 
is shaped to permit access 
from ground surface to ad- 
just gland nuts with an ex- 
tension socket wrench. 


Fig. see 


Outside-Serew-and. Yoke 
Non. Rising Stem Rising Stem 
‘arallel Seats 


Flanged Ends 


FIG. 
© Inside Screw 


KENNEDY A.W.W.A. Standard gate valves 
are designed specifically for use in water 
works systems. Conforming to A.W.W.A. 
Specifications, in several particulars these 
valves exceed these standards of strength 
and refinements of design. 


While A.W.W.A. Specifications cover 
only bell end and flanged end non-rising 
stem valves, the KENNEDY line also in- 
cludes outside-screw-and-yoke valves and 
a wide variety of pipe connections in- 
cluding: Bell Ends, Flanged Ends, Me- 
chanical Joint Ends, Universal Pipe Ends, 
Asbestos Cement Pipe Ends, Screwed Ends, 
Ring-Tite Pipe Ends and Spigot Ends. 


In addition to standard features, KEN- 
NEDY A.W.W.A. Valves have reduction 
gearing, gear cases, by-passes, indicators 
and rollers, tracks and scrapers available 
on 16” and larger sizes. Gearing is always 
furnished on 30” and larger valves. 


@ WRITE TODAY FOR 
A.W.W.A. BULLETIN 561 


MFG. CO. 


wry 
ELMIRA, NE ORK 


FIRE MHYORANTS 


* OFFICES AND WAREHOUSES + 


SAN FRANCISCO 
der Cont 


ATLANTA ty 


Ome 


+ SALES OFFICES IN PRINCIPAL CITIES « 
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REPRESENTING THESE WELL ESTABLISHED MANUFACTURERS— 


Eddy Valve Co. Dresser Mfg. Division 

J. B. Clow & Sons Thayer-Paradine Corp. 
Atlas Mineral Products Co. Smith-Blair, Inc. 

Buffalo Pipe & Foundry Co. Ford Meter Box Co. 
Sterling Faucet Co. M&H Valve & Fittings Co. 


and Many Others 
FOR QUALITY MATERIAL AND PROMPT SERVICE 


Call WEST BOYLSTON — TEmple 5-4431 
Catalog Available Upon Request. No Obligation. 


sO, R. Prescorr & Sons, INC. 


| QUALITY WATER WORKS SUPPLIES SINCE 1914 


BOX. 7 — GREENDALE BRANCH — WORCESTER.6, MASS. 


FLEXIBLE’S PATENTED PRESSURE TOOL with its 
two counter rotating heads, saw tooth head and cutting 
and scraping heads removes in minutes the accumula- 
tion of years. 

NEW ENGLAND PIPE CLEANING CO, has been doing 
those “impossible” jobs day and night throughout the 
New England States. Operating under all conditions 
with experienced engineers having over twenty years of 
“know how,” NEW ENGLAND PIPE CLEANING CO. 
has been saving money for far sighted water depart- 
ments. 


Also, a complete sewer cleaning service is available. 


THE NEW ENGLAND PIPE CLEANING CO. 
140 Rock View Dr., Cheshire, Conn. 41 Greenway St., Hamden, Conn. 
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AUTOMATIC VALVES 


Controls 
elevation 
of water 
in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE 
1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
regardless 
of change 
in 
rate of flow 
pressure 


REDUCING VALVE 


Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting. 


2. Pilot oper- 
ated and with 
fleat traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


A self contained 
unit, with 
controls 
three or more 
automatic 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


Electric 
remote control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY,N. Y. 
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PUBLIC WORKS SUPPLY CO. 


DISTRIBUTORS OF 
“DARLING” Fire Hydrants, Valves, Tapping Sleeves. 
“DRESSER” Couplings, Sleeves, Clamps. 
“FORD” Meter Test Benches, Yokes, Copper Horns. 
““J-M” Bacteria free Asbestos Yarning Rope—Style 4210 and 4211. 
CAST IRON GATE AND CURB BOXES 


93-95 BROOKLINE ST., LYNN, MASS. Tel. LYnn 2-7823 


Cement Lined Service Pipe 


WE CAN NOW shi, your requirements in all sizes of black or galvanized, steel or 
wrought iron pipe from stock. Genuine “Lipco” Cement Lined Pipe and Lead Lined 
Fittings have given and will continue to give years of trouble-free service. 


CEMENT LINED PIPE COMPANY 


93-95 Brookline St. Tel. LYnn 2-7823 Lynn, Mass. 
Pioneer Manufacturers of CENTRIFUGAL CEMENT LINED PIPES 


Torrington Supply Company, Inc. 


Water Works Distributors 


MUELLER BRASS GOODS — _ STEEL PIPE 
MUELLER TAPPING SLEEVES AND GATES — TOOLS 
MUELLER HUB END VALVES — WATER PUMPS 


COPPER TUBE AND BRASS PIPE 


125 Maple Street, Waterbury, Connecticut 
Telephone — PLaza 6-3641 


LIQUID CHLORINE ano 
SODIUM HYPOCHLORITE 


Prompt deliveries from nearby plant at Berlin, N. H. 


PRODUCTS OF 


BROWN COMPANY 


Berlin, New Hampshire 
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IRONITE WATERPROOFING 
MEMBRANE WATERPROOFING 


ESTERN 
ATERPROOFING CO., INC. 
82 West Dedham St. Boston 18, Massachusetts 
COmmonwealth 6-4100 
Waterproofing Contractors 


No Materials For Sale 


CORPORATION 
STOPS 


One of a 
complete line of 
Water Service 
Products 


GENERAL PRODUCTS DIVISION 


HAYS MFG. CO. 
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PRIMITIVE WASHDAY...Washing in a river 
—inefficient and exhausting—is still done in many 
undeveloped countries. Clothes never really 
come clean and are often contaminated. 


THE MODERN WOMAN merely turns a 
switch... her wash is done automatic- 
ally in clear, pure water - most of it 
carried through cast iron pipe. 


FOR WATER, SEWERAGE AND 
U. S. PIPE AND FOUNDRY COMPANY 
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but better than ever today ! 


From mine-to-line, U.S. Pipe controls quality 


America’s water systems... finest on earth...didn’t just happen. 


They are made possible by forward-looking water officials and the 
dependable cast iron pipe that carries most of the nation’s water. 


We supply much of that pipe. To make sure it’s as good as human 
care, skill and integrity can make it, U. S. Pipe controls every 
production step. From mining of ore to modern packaging, our pipe 
is tested, checked and rechecked for quality every step of the way. 


Dependability is built into U.S. Pipe...literally, from the ground up! 


PROBING THE EARTH ... Our own iron INSPECTING HOT PIPE...U.S. Pipe, just 
ore is mined from deposits as much removed from the mold, is checked 
as two miles distant from the portal and inspected for quality. 


SCIENTIFIC TESTING...Determining the 
chemical properties of U.S. Pipe - 
one of many quality checks. 


INDUSTRIAL SERVice (ECU 


Birmingham 2, Ala. A wholly integrated producer from mines and blast furnaces to finished pipe. 
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SHAHMOON INDUSTRIES tr. 


froudlly announces 


OPENING OF NEW WARREN-SPUN 
PIPE PLANT 


SECOND HUNDRED YEARS BEGINS 
FOR WARREN FOUNDRY & PIPE DIVISION 


As its second 100 years begins, Warren opens its new deLavaud-process plant 
in Phillipsburg, N. J. From this location and its plant at Everett, Massachusetts, 
Warren has served municipalities with the highest quality cast iron pipe, fittings and 
castings. Many Warren installations have been in use throughout the country for 
most of the 100 year span. 


That span has seen a search at Warren for materials and processes to serve its 
water works customers with ever increasing efficiency. Only Warren, in the United 
States, casts pressure pipe by the pit-cast, sand-spun, and deLavaud processes. To the 
traditional durability of cast iron pipe, Warren processes add greater density and 
unparalleled smoothness for a freer flowing pipe and the ultimate in dependability, 
durability and efficiency. 


Warren's own longevity is directly traceable to the long life that its unique 
research and development have built into its products. Warren’s specialization is 
assurance of service to meet your needs. 


WARREN 


FOUNDRY & PIPE DIVISION 
Shahmoon Industries, Inc. & 
55 Liberty Street, New York 5,N. ¥. WOrth 4-7993 

New England Sales Office: Plants: CS) 
75 Federal Street, Boston 10, Mass. Phillipsburg, N. J. , 
Liberty 2-7779 Everett, Mass. 
Producers of pit-cast pipe, sand-spun pipe, deLavaud pipe, pressure 
pipe fittings, special castings; iron ore mines, crushed stone & sand. 

In Our Second Century of FLOWING PROGRESS. 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


ASBESTOS-CEMENT PIPE 
Keasbey & Mattison Co. 
BRASS GOODS. 
Caldwell Co., George A. 
Eureka Cement Lined Pipe Co. 
Hileo Supply, Inc. 
Mueller 
Pierce-Perry Co. 
Torrington Supply Co., Inc. 
Utilities Supply Corp. 
BROKEN PIPE REPAIR CLAMPS. 
Hileo Supply, Inc. 
D. L. Jerman 
CALKING MACHINERY AND TOOLS 
Hydraulic Develop t Corp. vi 
Mueller Co. Following front cover 
CAST IRON PIPE. (See Pipe, Cast Iron.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 
CHEMICAL FEED APPARATUS. 
-I-F Industries Following front cover 
Wallace & Tiernan Co., Inc. xi 
CHLORINATORS. 
-I-F Industries ..«. Following front cover 
Wallace & Tiernan Co., I i 
CLAMPS. 
Hileo Supply, 
D. L. Jerman 
CLARIFIERS. 
Mills Engineering Co., Inc. 
CLEANING WATER MAINS. 
Flexible Pipe Cleaning Co. 
National Water Main Cleaning Co. 
COCKS, CURBS AND CORPORATIONS. 
Caldwell Co., George A. : iv 
Eureka Cement Lined Pipe Co. ae xiv 
Hays Mfg. Co. xiii 
Hileo Supply, Ine. viii 


Pierce-Perry Co. 
Utilities Supply Corp. 
CONCRETE PIPE. (See Pipe, Concrete.) 
CONTRACTORS’ EQUIPMENT. 
Hydraulic Devel t Corp. 


CONTRACTORS. 
Layne-New Co., Ine. 
White Construction. ‘R. 
COUPLINGS, FLEXIBLE PIPE. 
Caldwell Co., George A. 
Public Works Supply C 
CURB BOXES. 
Bingham & Taylor Corp. 
Caldwell Co., George A. 
Eureka Cement Lined Pipe Co. 
Hays Mfg. Co. 
Hileco Supply, Ine 
Mueller Co. .... 
Pierce-Perry Co. 
H. R. Prescott & Sons, Inc. 
Public Works Supply Company 
Utilities Supply Corp. 
DIAPHRAGMS, PUMPS. 
B-I-F Industries, Inc. Following front cover 
Joseph G. Pollard Co. . Following front cover 
EJECTOR, PNEUMATIC. 
Mills Engineering Co., Inc. 
ENGINEERS. 
Camp, Dresser & McKee 
Coffin & Richardson .. 
Crosby, Irving B. ... 
Fay, Spofford and 
Haley and Ward 
Hazen and Sawyer 
Leggette, Brashears & Graham 
Maguire & Associates, Charles A. 
Metcalf and Eddy 
Pirnie Engineers, Malcolm 
Pitometer Associates, Inc., The . 
Smith and Norrington 
Sterling, Clarence L., 
Weston and S 
Whitman and Howard 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


ENGINES. 

EQUIPMENT. (See Contractors’ Equipment.) 

FEED WATER FILTERS. 
B-I-F Industries, Inc. 


(See Pumps and Pumping Engines.) 


Ross Valve Mfg. Co., Inc. 


Following front cover 
xv 


FILTRATION PLANT EQUIPMENT. 
Industries 


Following front cover 


Mills Engineering Co., Inc. 


FLAP VALVES. 
Eddy Valve Co. ....... 


Hileco Supply, Inc. 
FLEXIBLE JOINTS. 

U. S. Pipe and Foundry Co. 
FURNACES. 

Hilco Supply, Inc. 

Hydraulic Development Corp. 


Leadite Co., The 


Back cover 


Mueller Co. 
Pollard Co., 


Following front cover 
Following front cover 


xvi 


Public Works Supply Company 


xviii 


Utilities Supply Corp. 
GATE VALVES. (See Valves.) 
GEARS. 

Mills Engineering Co., Inc. 


viii 


xiv 


GENERATOR SETS 


Cummins Diesel of New England, Inc. 


GUNITE CONSTRUCTION. 
Gunite-Restoration Co., Inc. 

HOSE, SUCTION AND CONDUCTION. 
H. R. Prescott & Sons, Inc. 


Following front cover 


HYDRANTS, FIRE. 
Caldwell Co., George A. 


Eddy Valve Co. 


Hilco Supply, Inc. 
Kennedy Valve Mfg. 


Ludlow Valve Mfg. 

Mueller Co. 

H. R. Prescott & Sons, Inc. 

Public Works Supply ‘ 

Smith Mfg. Co., The A. P. 

Utilities Supply Corp. 

ood, R. D., Co. 
HYDRANTS, PUMPS. 

Hileo Supply, Ine. 

Joseph G. Pollard Co. 

H. R. Prescott & Sons, Inc. 
LEAD PIPE. (See Pipe, Lead.) 
LIQUID CHLORINE. 

Brown Co. 
METERS, OIL AND WATER. 

-I-F Industries 


Gamon Meter Div., Worthington Corp. 
Hersey Mfg. Co. 

Neptune Meter Co. 

Pipe Founders Sales Corp. ... 
Pittsburgh Equitable Meter D 


METER COUPLINGS. 


Ford Meter Box Co. 

Gamon Meter Div., Worthington Corp. 

Hays Mfg. Co. 

Hersey Mfg. Co. 

Mueller Co. 

Neptune Meter Co. 

Public Works Supply Comp 
METERS (Venturi Type.) 

B-I-F Industries 
METER BOXES. 

Bingham & Taylor Corp 

Ford Meter Box Co. 

Mueller Co. 

Public Works Supply Company 
METER TESTERS. 


Mueller Co. 
Neptune Meter Co. 
Public Works Supply Company 
OIL ENGINES. 
Fairbanks, Morse & Co. 
PIPE, ASBESTOS-CEMENT 
Keasbey & Mattison Co. 


Following front cover 
Following front cover 

xvi 
xviii 
Following front cover 
viii 


Following front cover 


Following front cover 
xv 


Following front cover 
vi 


ix 

..Following front cover 
xiv 

»llowing front cover 


iv 
Following. front cover 


-Following front cover 
xviii 


Following front cover 


Following front cover 
.. Following front cover 
Following front cover 


.. Following front cover 
. Following front cover 
Following front cover 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


PIPE, BRASS. 
Caldwell Co., George A. 


Hilco Supply, Inc. 


Torrington Supply Co., Inc. 


Utilities Supply 


viii 


Corp 
PIPE, CAST IRON (and Fittings.) 
B-I-F Industries 


Bingham & Taylor Corp. 


Cast Iron Pipe Research Association 


Following front cover 
Following front cover 


Hileo Supply, Inc. 


Pipe Founders Sales Corp. 


H. R. Prescott & Sons, Inc. 


U. S. Pipe and Foundry Co. 


Utilities Supply Corp 


Warren Fdry. and Pipe Div. 


Wood. R. D., Co. 
PIPE, CEMENT LINED. 

Cast Iron Pipe vy Association 

Cement Lined Pipe Co. 


Following front cover 


Following front cover 


Eureka Cement Lined Pipe Co. 


Pipe Founders Sales Corp. 


S. Pipe and Foundry Co. 


Utilities Corp. 
PIPE CLEANIN 
New England Pipe Cleaning Co., 
PIPE, COATING AND LININGS. 
Centriline Corp. 


PIPE, CONCRETE. 
Lock Joint Pipe Co. 
PIPE CUTTING MACHINES. 
Caldwell Co., George A. 


Following front cover 
Facing front cover 


iv 


Hileo Supply, Ine. 
Pollard Co., Joseph G. 


Smith Mfg. Co., The A. P. 
PIPE 
Caldwell Co., George A. 


viii 
Following front cover 
Following front cover 


Hileo Supply, Inc. 
Hydraulic Development Corp. 


Leadite Co., The 


Supply Corp. 
PIPE. AD. 
Co. 


PIPE LINING. 
Cement Co. 


Centriline 
PIPE, PRESTRESSED CONCRETE. 
Lock Joint Pipe Co. 


PIPE REPAIR CLAMPS. 
Hileo Supply, Inc. 


D. L. Jerman 
PIPE, WROUGHT IRON AND STEEL. 
Pierce-Perry Co. 
Torrington Supply Co., Inc 
PITOMETERS. 
Pitometer Associates, Inc., The 
PLUG VALVES. 
Eddy Valve Co. 


Hays Mfg. Co. 
Hilco Supply, 
Mueller Co. 

Pittsburgh Equitable Meter D 


PORTABLE AIR Air Compressors.) 


PRESSURE REGULATO 
Hileo Supply, Inc. 
Mueller Co. 


H. R. Prescott & Sons, Inc. 


Following ‘front cover 
Following front cover 


. Following front cover 
Pittsburgh Equitable Meter Div., Rockwell Mfg. Co. ........ 


Following front cover 


Ross Valve Mfg. Co., Inc. 


PROVERS, WATER. 


Ford Meter Box Co. 

PUMPS AND PUMPING MACHINES. 
Cummins Diesel of New England, Inc. 
Fairbanks, Morse & Co. 
Layne-New England Co. 
Hileo Supply, Inc. 

Maher Co., D. L. 
Mills Engineering Co., Inc. 


Following front cover 


Following front cover 


. Following front cover 


Joseph G. Pollard Co. 
H. R. Prescott & Sons, Inc. 
Ross Valve Mfg. Co., Inc. 


White Construction Co., R. H. 
RATE CONTROLLERS AND GAUGES. 
-I-F Industries 
REDUCERS, SPEED. 
Mills Engineering Co., Inc. 


REPAIR CLAMPS. 
Hileo Supply, Inc. 
D. L. Jerman 


Pierce-Perry Co iii 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


SHEAR GATES. 
Eddy Valve Co. 


Hileo Supply, 


Mueller Co. 
SLEEVES AND VALVE TAPPINGS. 
Caldwell Co., George A. .. 


viii 
Following front cover 


Eddy Valve Co 


Hileco Supply, Inc. 


Ludlow Valve Mfg. Co. 


Following front cover 


Mueller Co. 
H. R. Prescott & Sons, Inc. ....... 
Public Works Supply 
Smith Mfg. Co., The A. P. 


Following front cover 
xvi 


xviii 


Utilities Supply Corp. 


Following front cover 
viii 


STEEL PLATE WORK. 
Pittsburgh-Des Moines Stee] Co. 
STRAINERS. 
Mills Engineering Co., Inc. 


Following front cover 


SUPPLIES AND TOOLS. 
Caldwell Co., George A. 


Hilco Supply, Inc. 


Hydraulic Development Corp. 


Leadite Co., 


n 


Mueller 


Pierce-Perry Co. 
Pollard Co., Joseph G. 


Back 
Following front cover 


H. R. Prescott & Sons, Inc. 


ii 
Following front cover 
xvi 


Public Works Supply Company 
PRESTRESSED CONCRETE. 
Natgun Corporation 
tsburgh-Des Moines Steel Co. 
TAPPING MACHINES. 


xviii 


Following front cover 
Following front cover 


iv 


Caldwell Co., George A. 
Hays Mfg. Co. 


xiii 


Hileo Supply, Inc. 
Mueller Co. 


viii 


Smith Mfg. Co., The A. P. 


TAPPING —> (See Sleeves and Valves, Tappings.) 


VALVE BOXES 
Bingham & Taylor Corp. 


Caldwell Co., George A 


Following front cover 
Following front cover 


Eddy Valve Co. 


Following front 
iv 


Hileo Supply, Inc. 


Kennedy Valve Mfg. Co. 


Mueller Co. 


Pierce-Perry Co. 


Following front cover 
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Founders Sales Corp. 


xiv 


Prescott & Sons, Inc. 


xvi 


Public Works x 
Smith Mfg. Co., 


xviii 


Utilities Supply 


Following front cover 
viii 


Wood, R. D., Co. 
GATE 
Engineering Co., 


Following front cover 


xiv 


Mills 
VALVE INSERTING MACHINES. 
Mueller Co. 


Smith Mfg. Co., The A. P. 


CHLORINE. 
Wallace & Tiernan Co., Inc. 


Following front cover 
Following front cover 


VALVES, GATE. 
CSldwell Co., George A. 


Eddy Valve Co. 


Hilco Supply, Inc. 


Kennedy Valve Mfg. Co. 


Ludlow Valve Mfg. Co. 


Following front cover 


Mueller Co. 


Following front — 
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R. Prescott & Sons, Inc. 


xvi 


Bablic Works Supply Company 
Smith Mfg. Co., The A. 4 


xviii 


Torrington Supply Co., In 


Following front cover 
xvi 


Utilities Supply Corp. 


viii 


ood, R. D., Co. 
VALVES, REGULATING. 
Hileo Supply, Inc. 
Mueller Co. 
Ross Valve Mfg. 


Following front cover 


viii 
Following front cover 
xvii 


WASH FOUNTAINS. 
Mills Engineering Co., Inc. 


WATER-PROOFING. 
Gunite Restoration Co., Inc. 


Western Waterproofing Co., Inc. 


WATER WASTE DETECTION. 
Pitometer Associates, Inc. 


WELLS, GRAVEL, FILTER AND DRIVEN, 


Layne-New England Co. 


Maher Co., D. L. 
WROUGHT IRON PIPE. (See Pipe, Wrought Iron and Steel.’ 
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The Journal of the 
New England Water Works Association 


is a quarterly publication containing the papers read at the meetings. Many 
of the contributions are from writers of the highest standing in their pro- 
fession. It affords a convenient medium for the interchange of information 
and experience between the members, who are so widely separated as to find 
frequent meetings an impossibility. Its success has more than met the ex- 

tation of its projectors; there is a large and increasing demand for its 
issues, and every addition to its subscription list is a material aid in extending 
its field of usefulness. 

All members of the Association receive the JouRNAL for three dollars per 
annum which sum is included in their annual dues; to all! others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


"THE attention of parties dealing in goods used by Water Departments is 
called to the JouRNAL OF THE New EncLanp Water Works AssociaTION 
as an advertising medium. 
Its subscribers include the principal Water Works EncIneERS Anp Con- 
TRACTORS in the United States. The paid circulation is 1,300 coptzs. 


Being filled with original matter of the test interest to Water Works 
officials it is PRESER and constant! RED TO BY THEM, and 
advertisers are thus more certain to CH BUYERS than by any other 
means. 

The JouRNAL is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


Size of page 4% x 7% net. 
A sample copy will be sent on application. 
For further information address the Advertising Agent 
Mrs. Atice I. Harnaway, 


73 Tremont STREET, 
Boston 8, MASSACHUSETTS 


f 
ADVERTISING RATES 
. One Issue Four Issues 
Coste, 2790 Page 20.00 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—-Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches”—Saves time in preparation—Saves 


time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of water 


Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 


Girard Trust Company Building — Philadelphia, Penna. 
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